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PREFACE 


NVENTION has produced at least three things 

which are intimately associated with the home 

life of millions—they are the telephone, the elec- 
tric light, and the phonograph. Ask the average 
man which of the three appeals to nim as the most 
mysterious and fascinating and he will answer the 
phonograph. We seem to understand in a vague way 
the why of the telephone and the electric light, but 
the absent, unseen voice singing for us from a tiny, 
almost invisible, spiral groove is possessed of a 
witchery baffling to the keenest imagination. Yet 
sound, natural or reproduced, is governed by very 
simple mathematical laws which are absolutely me- 
chanical in principle and operation. 

The fundamentals of the origin and function of 
sound we will endeavor to explain, followed by a 
brief excursion into the more interesting details that 
produce quality in either voice or musical instrument, 
in violin or phonograph. However, this volume is no 
vade mecum, no text-book; it is a simply-told tale of 
the phonograph and the disk record, given in a man- 
ner that will enable the reader, in a general way, to 
grasp its history, how it is made and sold, how it is 
operated, and why it accomplishes results that until 
explained seem weird and uncanny. 

Technical details are unavoidable when describ- 
ing anything based on mechanics, but here the telling 
is simplified to the utmost and illustrated and dia- 
grammed; and as so many items of human interest 
are associated with the phonograph in its invention, 
manufacture and sale the non-technical reader will 
find in this volume'a fund of interesting information, 
devoid of the slightest tinge of the mechanic’s jargon. 
Like everything new, popular and profitable, that a 
number of men scramble into without the experience, 
and precedents that guide in other trades, the phono- 
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graph industry has seen its share of tragie and 
humorous incidents; its leaders have fought with one 
another, some going down while others triumphed, 
and the story of a business that has seen a most 
phenomenal growth in a few years is, we believe, one 
replete with much human interest. 

New selling policies as well as new mechanical 
ideas were needed to market one of the latest arrivals 
among the competitors for a share of the millions of 
money, so new plans in merchandising were developed 
along with those of the laboratory and shop. A story 
worth writing about, and certainly one that will, we 
are convinced, interest many thousands of phono- 
eraph enthusiasts. 


The word phonograph was first used by Fenby, 
an Hnglishman, in 1863, to describe an impractical 
electrical speaking contrivance of his construction. 
It is derived from two Greek roots and means sound 
writing. Edison applied the word to his invention, 
and strictly speaking it refers to the cylinder type of 
phonograph. It has this limited meaning in every 
English-speaking country of the world except the 
United States, where by usage it has become a generic 
term including all forms of sound-reproducing ap- 
paratus. When an American, in an off-hand way, 
uses the word phonograph he may refer either to disk 
or cylinder machine. The word in America is all- 
inclusive, but in England, Canada and the other Brit- 
ish Colonies it is limited to the cylinder phonograph. 
Of late a number of American manufacturers, whose 
products have recently been introduced, use the word 
as applying to a disk machine. Edison refers to his 
new disk apparatus as a disk phonograph. 


Gramophone—from gramma, a letter, and phone, 
a sound—first employed by Emile Berliner, relates 
only to the disk machine using a lateral or needle cut 
record. Abroad it is a common term describing all 
such disk machines. In England it was first employed 
publicly by the Gramophone and Typewriter Co., 
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Ltd., English makers of the Berliner system, but 
they failed to sustain their contention of privileged 
use. The British Registrar of Trade Marks refused 
their application for a trade mark. An appeal was 
taken to the courts, which sustained the opinion of 
the Registrar that the word is a descriptive one 
and under British laws could not be monopolized by 
one manufacturer. In the United States the Victor 
Co. decided, for good reasons of their own, not to 
employ the word, and consequently receiving no adver- 
tising it became almost obsolete. 

Graphophone—from grapho, I write, and phone, 
a sound—is a trade mark name of the Columbia 
Graphophone Co., and applies to machines of their 
manufacture. The word has been varied into grafo- 
nola, meaning a cabinet graphophone. 

Victrola is the term used by the Victor Co. to 
designate their encased horn cabinet instruments. In 
fact the word victrola has been so lavishly displayed 
in every form of advertising that many people refer 
to any cabinet machine of any make as a victrola. 
“‘He has a victrola,’’? when spoken by the average 
person, may mean any one of the three hundred talk- 
ing machines produced in this country, unless the 
speaker is one who does own a victrola, then the dis- 
tinction is readily apparent to the mind. Such is the 
power of mental domination as applied to adver- 
tising. 

To summarize, it is found that the phrases talking 
machine and disk phonograph are used synonymously. 
Phonograph is a general term that may mean either 
a disk or cylinder type, while gramophone is seldom 
used. Therefore in the following pages talking ma- 
chine and disk phonograph will be considered as hav- 
ing one and the same meaning. Phonograph is a 
general term for ‘all sound-reproducing apparatus, 
and cylinder phonograph is self-distinguishing. 
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CHAPTER I 
Earty History 
GROWTH AND DEVELOPMENT 


ID a Chinaman invent the phonograph? Yes, 
1D) if we are to give full credit to an ancient book 
in the Pekin Imperial Library. Sir Robert 
Hart, the eminent Orientalist and student of the Chi- 
nese at first hand, tells of an account written several 
thousand years ago about a nabob who owned a little 
box into which he spoke his august orders to the 
distant pro-consuls of the realm. A swift-footed 
courier carried the box to its destination and returned 
with the spoken answer in the small and mysterious 
contrivance. Was it a phonograph or a dictaphone? 
Possibly it was. A crude reproducer and mechanism 
sufficient for such a purpose is a very simple affair, 
as we all know. Yet we are constrained to dismiss 
the romancer’s yarn as a pipe dream, even though 
the succulent poppy did not reach the Celestial Em- 
pire until many thousand years later. 

The next mythological talking machine tale is from 
the Near East. Tacitus, Pliny the Elder, and other 
Latin writers would fain make us believe that in 
Thebes, away down the Nile, those ancient Johnnies 
had a talking statue. In the early days when all this 
was supposed to have happened, Egypt worshipped 
under the leadership of an extremely crafty priest-. 
hood, which suggests a splendid scheme to loosen up 
the ‘‘tightwad’’ when the collection plate is passed 
around. Late investigations seem to prove that the 
statue of Memnon actually did give forth strange 
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musical tones, but they were caused by the wind in 
combination with certain acoustical properties of its 
construction. 

In the early part of the eighteenth century we hear 
of an automaton that quacked in a remarkably natural 
way. It is credited with being able to flap its wings 
and eat and digest food. Let us be thankful that this 
machine met the fate of kind oblivion. An appetite 
for records and needles is suflicient, but men draw 
the line on buying fillet mignon and maraschino cher- 
ries for anything as lifeless as a wooden cabinet. 

A Petrograd Russian, by the name of Kratzenstein, 
received a prize for reproducing the human voice by 
mechanical means, using a method of pressing air 
through variously formed cavities. Yet over a hun- 
dred years later the Czar’s secret police arrested 
Edison’s demonstrator; they rushed him out of the 
Holy Empire as a Yankee fakir. Sir David Brewster. 
in his ‘‘ Letters on Natural Magic,”’ in 1832, referring 
to the Russian’s scheme and that of Kemplin, the 
Austrian, who endeavored to improve it, used these 
prophetic words: ‘‘No doubt before another century 
is completed a singing and talking machine will be 
numbered among the conquests of science.’’ All honor 
to the canny Scot—-his dream was realized in less than 
half a century. 

The first thought that actually led in the right 
direction came from Thomas Young, an English phys- 
icist. In 1806 he claimed that sound could be mechan- 
ically reproduced with a stylus. He proved by experi- 
ments with a stylus in one end of a tuning fork that 
vibrations as they varied in intensity might be re- 
corded on the head of a drum. Another stunt of Pro- 
fessor Young was to muffle a Swiss music box under 
a blanket. He then put a stick of wood between the 
folds of the cover, so that it eame into contact with 
the side of the music box. The outer end was placed 
against a sounding board, and the music was thus 
conveyed to the ears of the audience through a stick 
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of wood. We have seen that trick done of recent 
years, but in a more practical way, to be sure. Noth- 
ing definite came of Young’s work; but Wilhelm 
Wertheim, Professor Reis, of telephone fame, and 
others continued to make experiments along the same 
lines. It remained, however, to Leon Scott, a French- 
man, to carry the thought into more tangible reality. 


Illustration No. 1 
Scott’s Phonautograph 
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Illustration No. 2 
Enlarged Tracing from Scott Phonautograph 


The Scott phonautograph of 1857 in fundamental 
principle shows a striking similarity to the early 
phonograph. ‘The barrel-shaped horn, circular dia- 
phragm, recording needle of hog’s bristle, revolving 
cylinder and feed nut and screw to move the cylinder 
laterally, are all prototypes of what followed a few 
years later. Please remember, however, Scott’s cylin- 
der was coated with lampblack. The zigzag line ‘‘re- 
corded,’’ but though similar in appearance to the 
record of to-day it would not reproduce. Turn the 
Scott cylinder, while the diaphragm remained silent, 
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a straight groove in the lampblack appeared; make a 
noise and the needle traced a wavy line. Scott con- 
ceived the fundamental principle of the phonograph, 
yet he could not put on the finishing touches. Only 
changes in detail were required to make the silent 
phonautograph talk; one was a material pliant enough 
to allow the sharp needle to engrave its sinuous track 
and yet hard enough to permit another needle to re- 
trace its way along the groove and not destroy the 
delicate formation of the track. Reis, Koenig, Wheat- 
stene, Barlow and other European professors realized 
how near Scott approached the solution of the prob- 
lem, yet they accomplished nothing definite, although 
Koenig improved Scott’s device. 

The next step was taken by Charles Cros, a 
Frenchman. He wrote an article telling how Scott 
and Koenig’s machine might be made to taik, and many 
good people eredit Cros with the invention of the 
phonograph. Emile Berliner, inventor of the early 
Victor system, in an address before the Franklin 
Institute of Philadelphia, May 16, 1888, made the 
statement that to Cros was all the glory. This is what 
he said: 

‘But although viewed in the light of equity 

‘the (Cros) had virtually abandoned his invention 

‘fat the time when J, independently and without 

‘‘knowledge of his prior idea, took up the same 

‘subject, the fact is that to Mr. Cros belongs the 

‘*honor of having first suggested the idea of and 

‘ta feasible plan for mechanically reproducing 

‘*speech once uttered.”’ 

Cros sealed his document and delivered it to the 

Academie des Sciences, Paris, in April, 1877, where it 
was read eight months later, and apparently did noth- 
ing further. 

In 1877, after Cros had deposited his ‘‘feasible 
plan’’ with the French Academy, and before it had 
been publicly read, Edison entered the arena. I[di- 
son’s interesting experiments are best told by Edward 
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Illustration No. 3 


Drawing by Edison from which the First Phonograph Was 
Constructed 


Johnson, one of his co-workers, in an article published 
in the Electrical World, February 22, 1890. Bell had 
announced the telephone, but its voice was neither 
loud nor very long; it could be used over a very short 
line of wire. Edison was working on means to im- 
prove Bell’s telephone transmitter. Telegraph mes- 
sages were relayed in order to increase the sending 
distance; why not those of the telephone? In Edison’s . 
work along these lines he found that a steel stylus, 
centered in a sensitive diaphragm, would make im- 
pressions on a moving piece of paper while engaged 
with the point of the stylus and when the diaphragm 
and needle were vibrated by the human voice or other 
media. It was the same fundamental principle as 
Leon Scott had previously worked out, but with a 
difference in detail. When the indented piece of paper 
was moved back again under the same or similar 


Illustration No. 4 
First Edison Phonograph 
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stylus the diaphragm repeated the words originally 
spoken into it. Edison put life into the idea. 


From Edison’s First Patent on a 
Phonograph 


_Like all great fundamental discoveries in the laws 
of nature that were the result of many experiments 
by different minds, it is quite usual for two men or 
even more, to arrive almost simultaneously at the suc- 
cessful conclusion. Scott gave the greatest impetus; 
he could record sound waves. Cros contented himself 
with an article written to a learned French Society. 
Berliner said the Cros plan was feasible; but would 
Cros have been able to overcome the seemingly trifling 
but vexatious mechanical difficulties that all inventors 
encounter? Unfortunately only theories can be stated, 
but it is a fair conclusion that a mind which would 
content itself with a written article on such a world- 
stirring subject could not have made the wheels suc- 


IHustration No. 6 
Courtesy ‘Scientific American” 
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cessfully go around. Edison produced an apparatus 
that really spoke, and his phonograph was actually 
the first to be patented and announced to the world. 
Edison once said, ‘‘Before starting to invent anything, 
first fnd out what the other fellows have been doing,”’’ 
and it is only fair to presume that he followed his 
own advice and was thoroughly familiar with at least 
the major experiments of Scott and others. 

The phonograph and its twin sister, the telephone, 
saw their development during the same period. Bell 
announced the telephone in 1876; Edison the phono- 
graph in 1877. The experiments on the one often 
helped the other. It may also be worthy of note that 
Elisha Gray filed his caveat a few hours after Bell, 
and later contestants of the Bell patents claimed that 
the published articles and experiments of Prof. Reis, 
of Frankfort-on-Main, Germany, antedated Prof. Bell, 
but the American courts upheld Bell, mainly because 
he made the telephone talk, and by the same token 
Edison must be given full and unreserved credit for 
the discovery of means to reproduce sound once is- 
sued, not only once, but a million times if desired. 
The Cros document was offered in evidence as show- 
ing prior art in litigation over the validity of certain 
phonograph patents, but the court rejected it as being 
incompetent evidence. As Berliner said, Cros had 
abandoned his invention and therefore was guilty of 
laches—he failed to mechanically develop the idea and 
lost his rights. 


Illustration No. 7 
An Early Edison Phonograph 
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Subsequent to 1877 the men whose names are cher- 
ished in connection with the telephone were also the 
leaders in perfecting the ‘‘faint wee voice’’ of the 
Edison tinfoil phonograph. These men are Thomas 
A. Edison, Alexander Graham Bell, his brother Dr. 
Chichester Bell, Sumner Tainter and Hmile Ber- 
liner. 

Three laboratories worked faithfully on the prob- 
lem—Edison’s in New York City and later in Hast 
Orange, N. J., the Volta Laboratory Association, con- 
sisting of the two Bells and Tainter, in Washington, 
D. C., and Berliner, also in Washington. Berliner is 
probably less known to the public than Alexander 
Graham Bell or Edison. He is of German origin, 
born in Hanover, came to this country when a young 
man:and was naturalized in 1888. Bell was born in 
Glasgow, Scotland, and came to America at an early 
age. Although the elder Bell was the principal of the 
Volta Association, and conducted: many experiments 
in the art of reproducing sound, his brother, Dr. Chi- 
chester Bell, and Sumner Tainter, an _ associate, 
actually performed the successful wax engraving ex- 
periments that were eventually patented. Edison, as 
we all know, was born in Milan, Erie County, Ohio. 


A few early Edison phonographs were sold, but 
being so imperfect the sale was limited, and little 
effort to effect a universal sale was made until an- 
other ten years had elapsed. Meanwhile the three 
laboratories were busy, and many interesting experi- 
ments were made public through the media of scien- 
tific papers published, and evidence in various law 
suits arising out of conflicting patent claims. 

The tinfoil drum or eylinder needed improvement; 
the early crude mechanism employed to revolve the 
eylinder and feed it along the spiral groove was far 
from perfect. Both Edison and Bell spent much time 
on mechanical improvements, but the greatest prog- 
ress was made in the substitution of wax for tinfoil. 
The members of the Volta Association were first in 
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the patent office with many broad claims on engraving 
phonograms into wax, but Edison bettered the soft 
wax of the Bells with a hard and more durable mix- 
ture. He also brought out the ball point sapphire 
reproducing point. After some litigation (over twenty 
suits were filed) the two parties decided to make a 
working arrangement, and eventually the American 
Phonograph Co. was formed in 1890 to handle the 
output of both concerns, of which Jesse Lippincott 
was president. 


The wax produced in the Edison plant has always 
been considered the very best. As the story goes, the 
‘fold man’’ has kept the crucial chemical ingredient a 
close secret. When the vat of wax reaches a certain 
stage in the operation Mr. Edison is notified, where- 
upon he emerges from a sanctum sanctorum with a 
small paper bag in one hand. The contents he per- 
sonally dumps into the vat and waits until he has 
seen it thoroughly amalgamated with the other ingre- 
dients. Every effort to discover the identity of that 
mysterious and potent chemical by analysis has met 
with dismal failure. The secret still remains a per- 
sonal property of the ‘‘ Wizard of Menlo Park.’’ 


In 1887 the American Graphophone Company of 
West Virginia was organized, with its head office in 
Washington, D. C. It was founded on a license from 
the Bell and Tainter interests. Its product, both of 
machines and records, were marketed through the 
American Phonograph Company tntil 1891. Shortly 
afterward Edison incorporated the National Phono- 
graph Co., which also marketed the Edison product 
under arrangements with Lippincott’s Corporation. 


The sales plan of the American Phonograph Co. 
was to sell or ‘‘farm out’’ State distributing rights—a 
method very much in vogue to realize quick monetary 
returns on a new invention. Owing to friction and 
other causes, needless to mention here, that corpora- 
tion as a business institution ceased to exist in 1891. 
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lts corporate existence was maintained until a later 
period for the purposes of litigation. 

In 1886 Edward D. Easton, who had previously 
made a snug little fortune for those days as a public 
stenographer, formed The Columbia Phonograph Co., 
as a selling agent for the American Graphophone Co. 
At that time the Columbia Co. was merely one of the 
many subsidiary. selling companies, but later Mr. 
Easton made his Columbia the sole selling agent for 
all Graphophone products, and controlled until his 
death both the Columbia Co. and the American Graph- 
ophone Co. Graphophone goods of all nature are now 
marketed by The Columbia Graphophone Co., and in 
1912 The National Phonograph Co. name _ was 
dropped; Thos. A. Edison, Inc., succeeded to the busi- 
ness. As Mr. Edison has received more favorable 
notice from the press of the world than any other 
man, the substitution of his name for an impersonal 
one that had no significance was only elementary com- 
mon business sense. 


Illustration No. 8 
An Early Berliner Hand-Operated Gramophone 
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As a universal musical instrument of quality the 
phonograph in the nineties was not considered. Pro- 
moters of that day conceded it to be only a novelty, 
from which a considerable profit could be derived as 
a slot machine in railroad stations, hotel lobbys, bar- 
rooms and other places of public assemblage. A man 
need not be very old to remember the many nickels he 
dropped into the maw of that scheme in order to hear 
a squeaky song, instrumental piece or comic recita- 
tion, through a pair of rubber ear tubes. The revenue 
so derived in the early days was the cream of the 
business, as the so-called home phonograph with the 
long, clumsy taper horn was in a very embryonic 
state. 

All the foregoing relates to the cylinder machine 
or phonograph only. Coincident with the working out 
of a better cylinder phonograph Emile Berliner was 
quietly and patiently laboring on his hobby, a disk 
phonograph or gramophone, as it is known abroad. 
One may read of his work in the later eighties, but 
he seems not to have arrived at any result satisfac- 
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Illustration No. 9 


An Early Gramophone advertisement in the Berlin, Germany, 
Weekly, ‘‘Die Prometheus.” 


tory to himself until around 1890. The first disk or 
gramophone advertisement that appeared in Germany 
(Illustration. No. 9) was in December, 1891, issue 
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of Die Prometheus, a Berlin weekly publication. The 
speaking apparatus (as the sub-heading calls it) is 
interesting and amusing to the young and the grown- 
ups. It gives recitations, songs, speeches and instru- 
mental selections in a most natural way. It is in- 
teresting to note that the advertisement states that 
it is brought out by the same interests as the Kdison. 
The price of the apparatus was 45 marks, or about 
$11.00, and the six-inch disks for 1144 marks, or 35 
cents. Later the United States Gramophone Co. and 
the Berliner Gramophone Co. were formed, which in 
turn were succeeded by the American Gramophone 
Co., The Improved Record Co., Eldridge R. Johnson, 
Inc., and the Victor Co., which eventually emerged 
from the chrysalis of its predecessors. Quietly and 
persistently the disk talking machine gradually sup- 
planted the cylinder type. As a result the history of 
the talking machine during the last twenty years 
largely relates to the disk type only. In many homes 
in various countries there are those who will not own 
a disk instrument; they prefer the cylinder records, 
and the present styles have many qualifications 
worthy of attention. Yet it must be admitted that its 
flat surface competitor is superior in many respects. 
Many differ on this point, but the American public is 
overwhelmingly on the side of the disk machine. 


Incidentally, Illustration No. 10 of the Bell disk 
machine made in 1886 shows that the Bells were 
pioneers in more than one branch of phonograph de- 
velopment. Although never made commercial, it is 
exceedingly interesting from an historical standpoint. 
By turning the handle A the friction wheel B is ro- 
tated, which in turn propels the turntable D. The 
turntable D is fastened to a shaft with the bevel gear 
at F. Engaging with the other gear the threaded 
shaft EH is mechanically fed through the feed nut at EL. 
The turntable and its gearing is slidably mounted on 
the fixture C. Therefore as the turntable revolves it 
is fed away from the sound box.G so that the stylus: 
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Illustration No. lu 
A Bell and Tainter Disk Machine, Patented in. 1886 


follows the groove of the record. From a commercial 
standpoint the Berliner disk machine was far supe- 
rior—largely due to the sound box being propelled by 
the groove of the record, and the immature mechani- 
cal features of the Bell disk system. The Bell inter- 
ests were owners of three fundamental patents: re- 
cording in wax, the disk principle and the still com- 
mercially undeveloped art of recording by means of 
an oscillating beam of light, which is described in the 
subsequent section en photo recording. A recording 
machine, such as may be found in any modern disk 
recording laboratory, is equipped with the mechani- 
cally fed turntable and stationary sound box, its 
stylus cuts a thread-like groove into wax, and al- 
though improved in a thousand details, the funda- 
mental thought remains unchanged. Will the subtle 
beam of light tracing its sinuous track on a sensitized 
photographic film or plate supersede present means? 
Prophecy is always dangerous, but many are those 
who are inclined to believe it will. If so, more honor 
to the Bells. 

Such, in a general way, was the beginning of a 
most interesting scientific development in music and 
acoustics, as well as the germination of a financial 
success exceeded only by automobiles, movies and a 
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very few other lines. Practically all the blocks of 
one-story and many-storied buildings in various parts 
of the country devoted to the manufacture and sale of 
instruments and records were built within the last 
fifteen years, and a great majority within the last five 
years. One institution graduated an even dozen 
millionaires, and thousands have realized an income 
far beyond the rosy dreams of youth, and in the years 
to come one prominent manufacturer predicts the ad- 

_ vent of a hundred talking machine men whose wealth 
will run into seven figures. Knowing the capacity of 
the American public to absorb an article of merit and 
popularity, this claim is no more exaggerated thar the 
prophecy made by an automobile maker ten years ago, 
that an annual production of a million cars would be 
sold before 1918. That mark was passed in 1916. 

Elbert Hubbard said that one-third of the world’s 
wealth was in the United States, and from the present 
outlook we may own a larger percentage very soon. 
Then why not a hundred industrial magnates to be 
created by a business that, large though it may be, is 
still an infant industry? 

Many manufacturers of pianos have become assem- 
blers of talking machines. That is, they make such 
cabinets as their cabinet making departments are 
equipped to produce and buy others elsewhere; they 
purchase sound box, tone arm, motor, turntable, wind- 
ing key, and such other mechanical accessories as may 
be needed, from a machine shop that specializes on one 
or more parts. The average piano manufacturer is a 
good merchandiser. He has watched savings put into 
talking machines and seen pianos traded for talking 
machines. He realizes the tremendous growth of the 
talking machine and the smaller headway made in the 
piano business; consequently, like the good live mer- 
chant that he is, he goes into a business, as he thinks 
along the lines of least resistance. 

The manufacture and sale of pianos and talking 
machines, however, are allied in a cabinet making and 
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musical sense only. The newer industry offers new 
problems in manufacture and selling that are baffling 
and bothersome to the piano maker, who has followed 
certain well-defined methods from the days of his 
grandfather. The phonograph is not an easy path to 
financial affluence, as so many thought it should be. So 
we see more than one phonograph department, once so 
widely heralded, allowed to quietly creep out of exist- 
ence. The principal spasm occurs when the Board of 
Directors instructs the Treasurer to write-off a bal- 
ance to the wrong side of that old bogey account— 
Profit and Loss. 


Just as thousands rush to new gold fields, so have 
many piano manufacturers rushed into the phono- 
graph business, and in the same way only the few wise 
or lucky ones remain. Little can be ascribed to luck 
in a game where only sound judgment counts, and as 
a result those who have added a real and profitable 
annex to their piano trade are maintaining a high 
standard of manufacture in cabinet design and con- 
struction. 


A piano factory with an established reputation is 
niusi¢al trade circles may enter the talking machine 
field with more right than a machine shop or chair 
factory. Yet we find cabinet factories hurriedly buy- 
ing such motors and tone arms as they ean find, regard- 
less of their value and adaptability, putting the parts 
together and then announcing ‘‘the most wonderfully 
constructed talking machine ever built.’? Machine 
shops rig up a few tools, buy cabinets somewhere and 
most of the parts from a professional manufacturer of 
phonoparts and call themselves manufacturers. The 
mortality among these ‘‘manufacturers’’ is fortunate- 
ly alarming, and within the last twelve months the 
death rate has been greater than the births. 

Ten to fifteen years ago a number of manufacturers 
entered the disk talking machine field, under the belief 
that the Emile Berliner patent of February 19, 1895, 
was invalid. The idea was that when Berliner exhibited 
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his machine before an audience of business and scien- 
tific men that he had thereby waived all patent protec- 
tion; that the Bell and Tainter patent of 1886 had 
anticipated him, and they also brought out the Cros 
document of 1877. The courts failed to sustain the 
notion that Berliner had no rights, and The Leeds & 
Catlin Co., a two million dollar corporation, of Middle- 
town, Conn., was snuffed out of existence under a 
Federal injunction. The same road was followed by 
The Star Talking Machine Co., of Philadelphia, The 
Talkophone Co., of Toledo, Ohio, The Duplex Co., of 
Kalamazoo, Mich., and others. 

The Joe Jones patent on a system of recording 
lateral cut vibrations in wax and then making dupli- 
cates by means of the electrotyping process was also 
sustained in 1907. Judge Hazel, of the Federal Circuit 
Court, denied the validity of this patent on the grounds 
that it had been anticipated by the British Lewis- 
Young patent, on a similar method of treating vertical 
cut records. However, the Appellate Division re- 
versed the lower court, and held that there was no 
anticipation, that Jones had worked the idea into prac- 
ticable shape and was thereby entitled to protection. 
He had sold his patents to the American Graphophone 
Co., for a comparatively small sum of money in order 
to take up the manufacture of the Jones automobile 
speedometer. This decision stopped in America all 
purely lateral cut record making by others than the 
Victor and Columbia companies, and will do so until 
1919, and perhaps they will not be made by competitors 
until a much later period, if the Johnson 1908 even 
depth groove patent can be sustained. 

The Universal Talking Machine Co., of New York 
and Newark, makers of the Zonophone machines and 
records, were absorbed by the Victor Co. in 1903 and 
soon afterward ceased to exist. Lieutenant Bettini, 
of the Bettini Phonograph Co., sold out his interests 
and retired to Paris. Bettini cylinder products were 
well known in South American markets, as the Tieu- 
tenant strongly featured export trade. 


CHAPTER II 
On Buyinc A PHONOGRAPH 


HEN the phonograph was first announced, those 
who had seen or read of Faber’s once cele- 
brated talking machine immediately conjured 

up in their imagination a contrivance of hollow cham- 
bers, stops iand bellows with an elaborate and compli- 
eated mechanical equipment. Faber approached the 
problem of reproducing speech from its physiological 
side. He built up an artificial organ of speech so as to 
perform, as nearly as possible, the functions of the 
human vocal organs. He thought only of the visible 
source of sound. If he were inventing a flying machine 
he would have patterned it after a bird; a locomotive, 
with limbs of locomotion like an elephant. As pointed 
out by Prof. Mayer, Faber sought the causes of the 
vibrations producing speech; Edison solved it by ob- 
taining the mechanical effects of these sonorous vibra- 
tions. One system was complicated and inefficient, 
meeting an early death; the other correct and the basis 
of all future improvements. 

How simple, indeed, is the fundamental principle 
of a talking-machine sound box or reproducer! So 
simple were the early phonographs that many will re- 
member weekly columns from ‘‘Contributing Editors’’ 
in the Scientific American, explaining ‘‘How I made 
my Phonograph.’’? Today no amateur may tell how he 
makes his talking machine; the instrument is not now 
a kitchen hobby (except experimental notions), but 
the product of a vast and scientific mechanical and 
commercial equipment; the super-product of a thousand 
minds; it is also a work of art. 

In its early days the phonograph was largely sold 
by sporting-goods stores, novelty shops, toy depart- 
ments, and was not considered a musical instrument. 
Is it a musical instrument today? Unqualifiedly so, if a 
good one is selected and intelligently handled. No ar- 
ticle of merchandise could possibly have attained the 
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power of drawing so many million dollars from the 
public purse if it were not founded on real merit. Few 
lines of manufacture, even in this country of marvelous 
developments, have grown quite so rapidly. Figures 
are either instructive or odious according to our preju- 
dice, but talking machine figures are interesting. The 
American public, it is estimated by those who should 
know, pays a sum around Six Hundred Million Dollars 
annually for. music. Part of this money is the fee of 
teachers, another part the great and lesser artists re- 
ceive, but nearly one-half of all that spent for musical 
enjoyment, or over one-quarter of a billion dollars, is 
paid to dealers in talking machines and records. 
Twenty years ago not more than 4 per cent. of this sum 
was expended for the small squeaky machine and 
waxen records of the earlier days. One manufacturer 
introduced a disk talking machine at a retail value of 
$35; the price was considered ridiculous—no one, the 
wiseacre said, would buy it. Today the $100 and $250 
instruments are the popular sellers, and one company 
sold five $1,000 instruments in a week. What has 
brought about such a change in the confidence of the 
buying public? Improvements have much to do with 
the large number of better-grade talking machines and 
records now in use, but the intangible power of adver- 
_tising is by far the greater factor. 

Gone is the time when the public will beat a path 
through the woods to the house of the inventor; he will 
starve unless some one pushes him into the lime-light. 
So many marvelously ingenious contrivances were 
brought into being during the past four decades that 
one is surfeited, blase and uninterested, unless a trum- 
pet blares the thing into the overburdened mind day 
after day. 

In the realm of talking machines the publicity 
agent is less restricted than in any other line. He may 
draw on one’s imagination, one’s love of music, the’ 
love of children, the joy of dancing, the contentment 
that good music brings into the family circle—his 
range is without limit. One printed appeal will be to 
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the intellect, another to the emotions. A pean of 
praise must be accorded the man who describes a lul- 
laby as ‘‘a fragile pastel-tinted thing of dreams.’’ The 
rarity and quality of such fine phraseology engenders 
in many minds a feeling that the instrument of this 
word-artist must have some merit beyond others. 

The greatest musical educator is the disk talking 
machine. It brings into the homes, scattered far and 
wide, music that otherwise only could be heard in the 
opera houses of large cities. Record manufacturers are 
reaping the reward of foresight and skill in fostering 
the enjoyment of better class music. Increasing day 
by day the sales, carefully cultivated by the printed 
appeal, show a tendency toward records made by real 
artists. 

One of the most surprised persons was a traveler 
in Germany, a few years past, who was satiated with 
the pervading talking machine spirit of this country, 
and who knew the high quality of those in demand at 
home, to be told by one of the largest German manufac- 
turers that out of every thousand made by him, nine 
hundred and seventy-five were of the cheapest possible 
construction, and that he wilfully and purposely sacri- 
ficed tone quality for volume or a bigger noise. He 
candidly stated that quality was of no interest to him; 
his game in life was to make money, and if the public 
wanted noise he would sell it to them. An investiga- 
tion disclosed that generally only the peasants and 
working classes of Europe patronize the gramophone, 
as the disk talker is known abroad. As a rule the 
Kuropean of means and culture does not consider it a 
musical instrument. 

If perchance the reader is one who does not own a 
talking machine and is planning the acquisition of one 
of these new all-around musical boxes, a little advice 
right here might not be amiss. 

Although tone is the most important item, as the 
instrument is purchased largely with that idea in view, 
nevertheless there are many mechanical features that 
should be carefully considered by the prospective pur- 
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chaser. The manufacture of talking-machine cabinets 
has reached a state of high development. Very few in- 
deed are the better-class instruments not housed in a 
well-made cabinet. This is necessary from the manu- 
facturer’s standpoint in order that his product may 
withstand the ravages of ruthless carmen and freight 
handlers, servants, children and time—the gay destroy- 
ers of all things. 

Of recent years the manufacturers of talking ma- 
chines have, by the force of changed public opinion, 
given more attention to ornate design; in the past the 
highest praise that might be accorded the cabinet de- 
signs was to stigmatize them as mongrel boxes. Furni- 
ture taste runs in periods, and it would seem during 
the last few decades the American public, with the 
exception of a few specially blessed with good judg- 
ment, had lost all interest in the ‘‘house beautiful’’ as 
relating to interior decoration. The hideous styles of 
furniture sold throughout the country were night- 
mares to the mind of the artistic decorator. Fortu- 
nately, we now see dawning a return to the beautiful 
art period reproduction of earlier times. 

As explained in subsequent chapters there are two 
kinds of records, one with the sound box parallel to 
the surface of the record and the other where it is 
edgewise to the record. Most manufacturers sell an 
instrument equipped to play both kinds of records. 
In some the change is accomplished by a single move- 
ment of the hand, in others it is necessary to replace 
sound boxes, but do not permit the persuasive sales- 
man of a talking machine which does not provide 
means for playing both records carry too much weight. 
You want and should have an instrument that will play 
all kinds of records, otherwise the home is surely de- 
barred from many fine selections. 

Also see that there is ample capacity for storing | 
and filing records. Understand, please, reference is 
made to the construction of the $75 instrument and 
upward, as the small machines consist of only a box, 
motor and reproducing mechanism. 
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One of the most useful phonograph attachments is 
the automatic stop, which is a development of recent 
years. The one really annoying feature that mars the 
pleasure of playing a record is the nuisance of watch- 
ing for the last line so as to stop the turntable. A ma- 
jority of the so-called automatic stops are fragile hit- 
and-miss affairs, and little reliance may be placed in 
their faithful operation. Do not depend too much upon 
the average automatic stop, although a few are always 
dependable. If the instrument of your selection is 
poorly equipped in this respect a few dollars additional 
will purchase one that is easily attachable and will 
always stop at the last line. 

The operation of a talking machine motor natur- 
ally must be acquired by experience, nevertheless, take 
notice that there is no ‘‘flutter’’ or decrease in pitch 
on high tones. When ‘‘Madame Butterfly’’ reaches 
high C the indentations in the record are deeper and 
offer more resistance to the needle, which in turn calls 
for more power from the motor, and if the whole appa- 
ratus is not perfectly adjusted the speed drops and 
so does the pitch—a discord follows. A fairly sensi- 
tive musical ear will detect an inaccurate motor. In 
looking over the instrument, turn the winding key a 
few times. Does it turn easily and without noise? If 
a good motor, it should. 

In the selection of records there is a wide field for 
care and good judgment. Many of the cheaper rec- 
ords between 25 and 75 cents are superior to those of 
better classes, but generally the high-priced records 
are reproductions of the voice or instrumentation of 
artists, and recording and pressing are performed more 
expensively as a result of greater care, although the 
voice of an ordinary vocalist often registers better tlfan 
a voice representing a fortune every time it enthralls 
an admiring audience. Further detailed information 
may.be found in the paragraphs describing the process 
of manufacturing records. 

As will be readily seen in the chapters under re- 
cording and duplication, the records of the last year 
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or two years are, as a rule, far superior to those re- 
corded at an earlier date. The art of recording has 
advanced very rapidly, and to secure the best records 
with the longest life it is an excellent plan to select 
only those from late lists. Many selections have been 
again recorded under the later methods and the old 
ones scrapped or withdrawn from sale, but if so they 
are listed under new numbers. Insist upon records 
that were recorded within the last few years; possibly 
an occasional exception will do no harm; some of the 
_older records are really excellent. 

The man who drives and repairs his ‘‘flivver’’ takes 
more real enjoyment than the millionaire who rides in . 
a Rolls-Royce and relies entirely upon a liveried 
chauffeur. Unfortunately, none of us care to hire an 
attendant for our talking machine. What is too often 
the result? A talking machine, like any other mechan- 
ical contrivance, needs to be cleaned, repaired, ad- 
justed, carefully oiled and greased, screws adjusted 
and other minor details occasionally looked after. The 
madam soon learns what screws need adjusting in her 
sewing machine, and the auto enthusiast before many 
moons has mastered each nut and bolt in the vitals 
of his hobby. Ordinarily an instrument should not 
require any attention (after it has been set up by an 
expert dealer) for six months or a year, but the parts 
that may need attention should be known. Read the 
sections relating to reproducing mechanism and motor 
construction, and gather a better idea of the care re- 
quired. Every manufacturer provides an instruction 
book; follow it carefully. 

In more than one city of the United States over 90 
per cent. of all talking machines are sold to the public 
on the installment plan, and it is understood the aver- 
age throughout the United States is about 75 per cent. 
Unquestionably the ability of one to buy a talking ma- 
chine and records by the weekly or monthly small-pay- 
ment plan has been the one great incentive toward 
the large purchase of this article. Sewing machines, 
typewriters, threshers and almost everything, with the 
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possible exception of the automobile (and that is now 
being sold under the installment plan by at least one 
concern), has been developed by the small payment 
down and long credit extensions. Almost every dealer 
is prepared to sell a $100 instrument for $5 or $25 down, 
and between $5 and $10 monthly until paid. The ques- 
tion is often asked, ‘‘How much discount do I receive 
for cash?’’ The invariable answer, especially regard- 
ing the established and well-known machines, is, 
‘““None.’’ Why do manufacturers insist that dealers 
allow no cash discount, yet sell for the same price 
whether money is passed over the counter or paid in 
small lots during a long period? There is a certain 
amount of clever reasoning back of the plan. The 
majority of sales are made on the installment basis, 
and Mrs. Necessary Installment Smith is better satis- 
fied when she is convinced that not a single penny 
might have been saved by immediate payment. Again, 
it smooths the path of the salesman, as some women, 
and men also, would find a convenient excuse to post- 
pone the purchase until the needed sum is saved in 
order to take advantage of cash discount price. 


When buying the product of an old established con- 
cern or even a few of the newer ones, do not waste time 
bartering for better prices. The dealer is under an 
absolute contract to sell at a certain stipulated sum, and 
cannot vary it without risking the forfeiture of his 
contract with the manufacturer. The sale of patented 
and advertised articles, according to the best opinion 
available, depends upon an established price. Large 
retail houses by offering special inducements nullify 
a possible sale by inducing the prospective customer 
to wait until he or she is able to call at the price 
cutter’s store. Result: No call is made and the matter 
drags along; the home is deprived of a modern com- 
fort and the dealer has wasted his time in making 
one or many demonstrations. The older companies 
wisely provide every possible safe-guard against mer- 
chandizing methods that help nobody and injure some. 


CHAPTER III 
SouND WAVES 


HAT is a record? Yes, but why is it good? 

Go still further and ask a sensible question in 

a foolish way—Why is a record? To answer 

the question it is necessary to explain what a sound 

wave is, because a record is a mechanical impression of 

a series of sound waves. When the exact and well- 

known laws governing sound are understood the 

means employed to register them into wax or collodion 

will be easier to grasp. To do so we must simplify a 

maze of text-book matter and condense a Helmholtz 
and Koenig into a few paragraphs. 

‘Sound is a disturbance of the air,’’ quoth Seneca; 
‘it is a motion of the air,’’ wrote Lord Bacon—they 
proclaimed the same thing in slightly different words. 
Blow a ring of smoke from that Henry Clay you are 
smoking, then talk through it. The smoke is not vis- 
ibly disturbed. It matters not how loud you talk, the 
pale-blue ring of smoke floats away insensible to any 
motion caused by your vocal cords. The floating smoke 
has one form of motion and the sound waves passing 
through the smoke have another. One is mechanical 
motion and the other molecular motion. The smoke 
is drawn away by a mechanical force propelling it 
through the air in the form of an air current. The 
molecular motion caused by your voice moves nothing 
from one place to another. The molecules composing 
the air do not move as a body like the smoke; they 
bang against each other—the first hits the next one 
and so on until the agitation producing the disturbance 
is lost by the friction of the surrounding air. Hach 
molecule imparts its vibratory motion to the next one 
but remains stationary, although in a state of tremor. 

Strike a railroad track with a hammer and the 
sound may be heard for miles along the line. The steel 
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track does not move, but the molecules of which it is 
composed do; they are swaying back and forth, 
being closely packed together; they continue to bang 
against one another until dissipated by inertia, but 
remain in their original position. We have said that 
vibrating molecules are stationary. They are in one 
sense; they do not move away in the manner that 
smoke travels through the air; they are, however, in 
vibratory motion. Each molecule is swaying back- 
ward and forward like the swing.of a pendulum.. For 
example: Suspend a pith-ball so it touches the side 
of a very thin drinking glass, then gently tap it with 
anything metallic. You not only hear a sound but you 
can see the pith-ball vibrating. The molecules of 
the metal swing back and forth imparting their molec- 
ular motion to the pith-ball and to the surrounding 
air so that you both see and hear them—you may also 
feel them. These molecules are millions of tiny pen- 
dulums which return to their normal position of rest 
the moment the agitation dies away. 

How do these molecular vibrations act upon the ear 
and the brain? A simple explanation is probably 
found in Prof. Mayer’s book, Sound, published in 1896 
by D. Appleton & Co. When reading this quotation 
keep in mind that the drum-skin of the ear is Nature’s 
recording diaphragm. The recording instrument is 
a mechanical duplicate of the ear; sound waves act 
upon both in substantially the same way. 

‘‘Let us consider how this wonderful little instru- 
ment, the ear, acts when sonorous vibrations reach it. 
Imagine the violin string vibrating 500 times in one 
second. The sounding board also makes 500 vibrations 
in one second. The air touching the violin is set tremb- 
ling with 500 tremors a second, and these tremors speed 
with a velocity of 1,100 feet in a second in all direc- 
tions through the surrounding air. They soon reach 
the drum-skin of the ear. The latter, being elastic, 
moves in and out with the air which touches it. Then 
this membrane, in its turn, pushes and pulls the little 
ear-bones 500 times in a second. The last bone, the 
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little stirrup, finally receives the vibrations sent from 
the violin-string, and sends them into the fluid of the 
inner ear, where they shake the fibres of the auditory 
nerve 500 times in a second. These tremors of the 
nerve—how we know not—so affect the brain that we 
have the sensation which we call sound. The descrip- 
tion we have just given is not that of a picture created 
by the imagination, but is an account of what really 
exists, and of what can actually be seen by the aid of 
the proper instruments.’’ 

Sound is divisible into three elements: pitch, vol- 
ume and quality. Pitch is the number of pendular 
vibrations per second. The laws of harmony follow 
exact mathematical rules. When the phrase pendular 
vibration is used it means the same as double vibration; 
a complete swing of the pendulum back and forth. 
Strike a key on the piano; it is C’ for instance and vi- 
brates, if correctly tuned, 264 times per second. That 
is, it swings to the left and right of its normal position 
264 complete swings. Strike the next octave higher 
and the response is 528 double vibrations per second. 
The next octave will give out 1056 double vibrations 
per second. From now on we shall term ‘‘double vibra- 
tions’? as ‘‘vibrations,’’ the adjective double being 
unnecessary. If you take a peep into the piano you will 
see that the shorter the string the higher the pitch. 
The string that produces 528 vibrations per second is 
twice as long as the one producing twice the number of 
vibrations per second. The same is true in wind in- 
struments, in anything that vibrates musically; the 
eight-foot pipe of an organ is an octave higher than 
the sixteen-foot one. The reason is very simple. The 
longer the string in a stringed instrument, or the longer 
the column of air in a pipe, the wider the swing of its 
vibration and the greater length of time required for it 
to complete its sway back and forth. A pendulum clock 
makes an excellent illustration. When the clock is fast, 
the pendulum weight is let down a trifle; it has a wider 
sweep and consumes more time and the speed of the 
clock is reduced. If the clock is too slow, the pendulum 
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weight is raised; the swing is shorter and the speed 
increased. 

We have given the cause of varying pitch numbers, 
or vibrations, per second, later we will endeavor to 
show the effect. The sensation of vibrations received by 
the brain through the medium of the ear, as explained 
by Prof. Mayer, is that the more rapid the vibrations 
the more acute or higher in pitch they seem. The 
drum-skin of the ear, or the human diaphragm, is vi- 
brated twice as many times by one octave as it is by 
the next octave lower, and the mysterious mechanism 
of the brain tells you so. 

Audible sound vibrates between 16 and 30,000 times 
per second, but vibrations above 4,000 per second are 
little more than a squeak, and a very sensitive ear is 
required to hear 30,000 vibrations per second. Musi- 
cal vibrations are approximately between 16 of the 
extreme bass and 4,138, the highest shrill note of the 
piccolo. The bass voice ranges down to 60 and some 
sopranos can reach 1,300 per second. 

How these pitch numbers have been ascertained 
may be of interest. One simple method is by what is 
known as Savart’s wheel. A toothed wheel is set to a 
rotating mechanism. Against the teeth is pressing a 
piece of cardboard. The wheel is speeded to the point 
where it agrees in audible pitch with a tuning fork, 
which is keyed, we will say, to C’’. The wheel is allowed 
to run one minute, and when stopped the indicator 
shows that it has revolved 528 times. The wheel has 
60 teeth; every revolution of the wheel produced 60 
vibrations in the cardboard—the number of revolutions 
per minute is the number of vibrations per second. 
When the wheel revolves 528 times in a minute we see 
that the number of vibrations is 528 per second. This 
is an extremely elementary example, and not the only 
method used, but is sufficient to illustrate the principle. 

Volume of sound or loudness depends upon ability 
to hear sound—there is no such a thing as loudness to 
a deaf man. The loudness of a sound is caused by the 
intensity of the vibration at its source. It is a com- 
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bination of wave length and frequency of vibration. 
We will assume a comparison of two sounds. In both 
cases the wave length is the same, but the pitch of one 
is 500 and the other 1,000; the one with a higher 
pitch will be four times louder than the one with a 
lower pitch. Another example: The pitch is exactly 
the same in both sounds, but for some reason that can- 
not be defined the wave length of one is twice as long 
as the other; the one with the longer wave length, in 
that event, is four times louder than the short one. 
The foregoing expresses the theorem of Clarence Day- 
ton Miller, the well-known physicist, although others 
are not wholly in accord with him on that subject. 
Quality, the third feature of sound, is the most in- 
teresting phase of sound wave study. A piano is dif- 
ferent from a harp, the violin from the ’cello, the 
cornet from the trombone, and yet all may strike the 
same note. No two voices are alike although singing 
the same song in the same key. Neither pitch nor 
volume affects quality; the cause of this wonderful 
variation in quality, or timbre, is due to other condi- 
tions. Why.is the tone of a tuning fork so extremely 
flat? It has no life, no color, no expression. A tuning 
fork appreciably renders its fundamental only. What a 
difference between it and the violin! The violin is rich 
in upper partials, upper harmonics or overtones, and 
the tuning fork has only its simple fundamental tone. 
Every musical instrument or musical voice besides its 
fundamental tone has a number of other tones that, as 
such, are not perceptible to the average ear. A eulti- 
vated soprano voice of the finest qual:ty holds high C. 
We exclaim that it is rich, the tone-color wonderful, it 
is sweet, it is enthralling, it is captivating, and a multi- 
tude of other expressions that convey cur delight and 
appreciation. That voice is rich in upper partials. 
The term overtone, which has the same meaning, seems 
to be more used in the United States. These overtones, 
as we shall now call them, follow exact mathematical 
laws when they appear in music. The first overtone is 
an octave higher than the prime, or fundamental, and 
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makes double the number of vibrations; the second 
is the fifth or g of that octave, with three times as 
many vibrations as the prime; the third is the second 
higher octave, making four times as many vibrations 
as the prime in the same time, and so on up to as many 
as forty overtones. Hach overtone is pitched the same 
number higher, each time in the progression, as the 
prime tone. To illustrate: The prime selected is C, 
66 vibrations per second; the first overtone is 132, the 
second 198, the third 264, the fourth 330, the fifth 396, 
and so on. Hach overtone of low C is 66 pitch numbers, 
or 66 vibrations per second higher than the next lower. 
If we selected the next higher octave of C as the prime, 
with 132 vibrations per second, we have a progression 
like this: 132, 264, 396, 528, 760 ete.—adding 132 vibra- 
tions (the number of the prime) to each succeeding 
overtone. Hach instrument and each singer will bring 
out these overtones in greater or less number and with 
greater or less emphasis on certain ones. It is this 
variation in overtones that makes the difference in 
quality between different voices and differenct instru- 
ments and different players. An exquisitely toned 
violin in the hands of a skillful player is richer in over- 
tones than the same violin less skilfully played. Also 
the number and varying emphasis of overtones is the 
difference between a violin and a ’cello or any instru- 
ment. 

All sounds are therefore made up of three elements: 
The number of vibrations (pitch), their amplitude 
(volume or loudness), and form (quality). A physi- 
cist may photograph a sound wave by means of a vi- 
brating light, which will show curves that vary in ac- 
cordance with the three elements mentioned. When 
passed through a taper horn and focused and condensed 
at the small end they are reduced in size many thou- 
sand times. When reprouced they leave the diaphragm 
in very small and faint waves, but the resonance of the 
gradually expanding air chamber in the horn restores 
them to a size approximately that of the original. 
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Sound waves spread out evenly in all directions 
from their source, unless intercepted by something in 
between which they must pass.’ Some teachers com- 
pare sound to the wave of the ocean, but the analogy 
is not good. Sound waves are not on a surface; they 
are surrounded on all sides by the same material out 
of which they are made. Waves of sound are a con- 
densation and rarefaction of the air in a wave forma- 
tion, and vary in size, pitch and shape in accordance 
with the vibrating source. 


Illustration No. 11 


A Portable Disk Phonograph Open and Closed. The Winding 
Key and Tone Arm Are Suspended Inside the 
Box When it is Closed 


CHAPTER IV 
RECORDING 


HE cursory excursion into the realm of sound 
waves may give some idea of the difficulties en- 
countered by the man who records these subtle 

sonorous vibrations into a waxen cylinder or disk. 
Sound waves may follow and be governed by estab- 
lished laws of nature—they are when everything is just 
right, but unknown laws always intervene, and many 
are the problems that must be decided and acted upon 
as the result of long training and good judgment. What 
sound waves are made of matters little to the recorder; 
their nature bothers him about as much as the intangi- 
ble substance that electricity consists of does the elec- 
trical engineer. The recorder, in the light of his best 
knowledge and intuition, acts in accordance with his 
own ideas. In electricity the engineer is more guided 
by science; much of the detail of his calling follows spe- 
cifically laid-down rules that may be learned in a tech- 
nical school. The recorder has little science to guide 
him; recording has not reached a science except in a 
few elementary principles. 

The terms undulation, indentation and wave are 
used in the trade with the same meaning, when applied 
to the sinuous track of a record groove. The indenta- 
tions form a series of vertical or lateral undulations in 
wave formation, hence the three synonymous words. 

Before we proceed any further a knowledge of the 
euts in use is desirable. The phono cut, first used by 
Edison, has a variety of names: Edison cut, phono cut, 
vertical cut, up-and-down, sapphire, and hill-and-dale. 
It was invented by Edison, improved by him and by the 
Bell and Tainter interests and by T. H. MacDonald. 
Originally it was U-shaped entirely, according to Ilus- 
tration No. 14, and of late Edison has changed its shape 
to a V, but in both cases the sound waves are engraved 
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in the bottom of the track in a series of hills and 
valleys. 

The lateral cut, with the sound-waves in the walls of 
the groove, was suggested by Edison and improved 
by Berliner and his successors in the Victor Co. and 
by other men in the trade. Its various titles are: Lat- 
eral, Berliner cut, zigzag and needle cut. Its track 
is a wavy undulating groove, as seen in illustrations 
Nos. 12 and 13. 

Should one be privileged to wander around among 
the various recording laboratories he would soon un- 
derstand that there is no science in recording of any 
value. One recording room has concrete walls, another 
a domed ceiling and another wooden walls highly var- 
nished. Some stretch wires parallel with the recording 
horn—they believe it aids recording effects—others 
laugh at the idea. Special buildings with all acoustical 
details carefully considered will be found as well as re- 
cording rooms located in a loft building without the 
slightest consideration for acoustical effects in the ar- 
rangement of the walls and ceiling. The London re- 
cording room of a German company is recalled to 
mind. It was in a low-ceiling loft-building with sharp 
corners, and the only visible assitance given the sound- 
waves were the overhead wires. Their product was 
never considered high class. 

The average recording room is about twenty feet 
one way by fourteen the other. The ceiling should be 
between eighteen and twenty feet high, but it happens 
that a twelve-foot ceiling will often answer just as well. 
The corners should be rounded; sharp corners deflect 
and break up, to a certain extent, the continuity of 
sound waves. 


Tllustration No. 12 Enlarged Tracing of Lateral Record Grooves 
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In the adjoining room, or on the other side of a 
partition, is the recording machine, with a horn pro- 
jecting from it through a hole into the room where 
the musicians are located. The partition fills. a twofold . 
purpose. Behind it is the recording machine, and 
every recorder has his secrets. Again, all the sound 
waves that reach the diaphragm must pass through 
the horn; if any should enter the sound box from the 
under side a discordant record would be the result; 
the partition avoids that possibility. 

Some sound waves are, longer than others. The 
flute and piccolo are the shortest and the cornet the 
longest, others having wave lengths in between. The 
shorter the wave length the nearer the recording horn 
must be the instrument. 

The deep-mouthed instruments, such as the cornet, 
trombone and horns, give out wave-lengths in their 
middle and lower registers as long as twenty feet be- 
tween crests—huge billows in comparison to the rip- 
pling higher tones of the piccolo, flute and violin, from 
three to four inches in length. 

Hence we find the flutes and piccolos, the harps, 
the clarionets and the violins grouped near the mouth 
of the recording horn. Then follow the violincellos, 
oboe, clarionet and others, while in the rear are placed 
the cornets, immediately preceded by the trombones. 
The drums are also as near the horn as possible. Vari- 
ations of the grouping must be made according to 
acoustical conditions and the nature of the selection. 

A voeal selection is conveyed to the recording ma- 
chine by two or more horns. The singer or singers are 
in front of the smaller ones; the largest one receives 
the accompaniment. A variety of horns of different 
lengths and different angles of taper are part of every 
laboratory equipment. The recorder must use his 
judgment as to which is the better size for a given se- 
lection. Ordinarily they have a long taper, about 12 
degrees angle. Papiermache is a favorite composition 
for the horn, as it is less susceptible to the influence of 
sympathetic vibrations. Brass has upper harmonies 
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of its own that tend toward blast. Wrapping the out- 
side of a metal horn with electricians’ tape is, however, 
an excellent dampener of wolf-tones. A book might 
be written on the various methods employed in horn 
construction and use. 

Care must be taken that any instrument is not too 
predominant. This is partly avoided by proper group- 
ing. The nature of the reproducing sound box must 
also be taken into consideration. Some reproducers 
bring out the short-wave lengths stronger than others. 
The recorder, of course, arranges for his own system of 
reproduction, but when the record is played on another 
system it is apt to be out of balance; the flute, for in- 
stance, may be stronger in the reproduction than from 
another sound box. 

Much training must be given a ‘‘green’’ vocalist 
before he or she is able to make a good recording. All 
stage effects are strictly taboo. The voice should be 
natural and easy. When a high passage is reached 
the head should be drawn away from the horn, so as 
not to blast the diaphragm by imposing too much work 
on it. Carelessness on the part of a powerful voice 
may shatter the diaphragm, if it be glass. 

Back of the partition, or ‘‘behind the racks,’’ is the 
recording machine. Although following similar basic 
principles, each recorder has his own ideas, and his 
recording machine is built accordingly. It is run by 
a weight motor. A weight motor, with accurately 
made gears and a perfect governor, such as an expert 
recorder knows how to make and operate, has been 
found to be the only means of true propulsion. An 
electric or spring motor will answer in recording cyl- 
inders, but not for the disk. The turntable on which 
the blank wax disk is clamped must run at an even 
number of turns per minute, and more power is re- 
quired for it than for the cylinder. The weight motor 
revolves the turntable with unerring regularity, and 
also operates a feed screw that propels the disk later- 
ally, permitting the stationary recording tool to en- 
erave a continuous helical groove. In the earlier days 
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Illustration No. 13 
Courtesy “Scientific American” 


In Illustration No. 13 will be seen the 
wavy, zigzag line of the lateral cut record, 
and in number 14 the hills and dales of the 
ip-and-down movement of the cutting stylus. 

hen the lines of Illustration No. 13 are 

ain magnified by a pantograph tracing 
apparatus they would be seen as in Illustra- 
‘tration No. 12. 


Illustration No. 14 
Courtesy ‘Scientific American’ 


about 90 lines to the inch was the average in both the 
vertical and lateral disk records. One hundred and 
twenty is more popular today; Edison records at 150, 
lines to the inch. The feed-screw and nut slide the 
turntable under the engraving sapphire at the deter- 
mined lateral speed—70, 90, 120 or 150 grooves to the 
inch. 

The recording sound box is a small metal casing 
for the diaphragm. It has an inlet connected to the 
horn, and on the front side, with rubber between, the 
glass diaphragm is attached, but the glass must not 
touch its metal casing. Some recorders do not use 
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Illustration No. 15 Illustration No. 16 


Enlarged cross sectional view of a lateral Lateral Recording Sound Box 
groove stylus cutting a groove z 
glass; they have a secret means of vibrating the cut- 
ting stylus. The stylus arm is cemented to the centre 
of the diaphragm and at its outer end is set the sap* 
phire cutting tool. A wedge-shaped cutter as shown 
in Illustration No. 15 is preferred by recorders of the 
lateral cut. A cup-shaped gouge, as shown in Illustra- 
tion No. 21, is the best for a vertical U-shaped record 
and a three-side tool as in No. 19 for the V-shaped ver- . 
tical groove. All recording sapphires are made of 
flawless blue India sapphire, ground and _ polished, 
and a razor is dull in comparison. If the diaphragm 
is of glass it is fastened to the rim of the sound box 
with a thin rubber washer between it and the metal, 
and then cemented with a mixture of beeswax and 
resin. By referring to the cross-section of the Mac- 
Donald sound box (Illustration No. 17) it will be seen 
that the air space between the diaphragm and the in- 
side of the metal sound box is restricted. This ‘‘air 
space’’ must be very accurately determined in accord- 
ance with the size of the diaphragm, its thickness and 
other features, so as to allow a proper to-and-fro mo- 
tion and secure a proper concentration of the air vibra- 
tions impinged against it. The size of the inlet to the 
sound box from the horn is of importance, between 
five-sixteenths and nine-sixteenths of an inch, depend- 
ing upon the selection; small for a soprano and large 
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to-accommodate a band selection. The sound box and 
horn are usually connected by a short rubber tube, 
which minimizes rattle and tones down the extremely 
heavy vibrations. 

Another reference to the smaller drawing of the 
MacDonald sound box (No. 18) gives a good idea of 
how a diaphragm vibrates up and down with a stylus 
in the hill-and-dale cut. The dotted lines (increased 
in proportion many times) illustrate the to-and-fro 
motion of the diaphragm. The lateral sound box vi- 
brates laterally, but in the same manner: Lateral re- 
cordings may be made with the sound box face to the 
record, as in the vertical cut, but a bell-erank joint 
sways the cutting stylus from side to side. | 

Recording diaphragms vary in size and thickness. 
Between one and one-half inches to two and one-half 
inches wide, and between four one-thousandths to nine 
one-thousandths of an inch thick. No one sound box 
and diaphragm will answer for the same class of music. 
One soprano will require a different size from another, 
and often a variety of sound boxes will be used for one 
singer—one sound box’for one selection and another 
for the next one. Two sound boxes may be built to: 
the same exact specifications, yet they will give forth: 
radically different results. Only by experiment can 
the usage of a sound box be determined. Each one 
is numbered and information filed as to its perform- 
ance on each test. A soprano will usually require a 
diaphragm about six one-thousandths of an inch thick 
and one and a half inches in diameter, while a baritone 
may require one four one-thousandths of an inch thick 
and about two inches in diameter. A heavy band selec- 
tion takes the largest and thickest. Much experiment- 
ing must be done to ascertain the correct diaphragm 
size for each voice and instrument and each combina- 
tion. A diaphragm too thick will dampen the volume of 
the reproduction and one too thin will blast. The nearer. 
a diaphragm is to blasting the better it is—naturally 
the better record it will make, but blast must be avoided 
under all circumstances. 
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Illustration of the MacDonald sound box is a cross- 
‘sectional view showing its various parts, also the man- 
ner in which sound waves (enlarged in the picture) are 
engraved into a waxen cylinder. 


Ilulstration No. 17 
Vertical Recording Sound Box 


The curved line is the polished surface of the waxen 
cylinder, B the metal sound box cup, C the glass dia- 
phragm, D the stylus arm lever, E the cutting sap- 
phire, a the inlet from the recording horn. B7, the 
rubber gasket, one side of which is centered to the flat 
under side of the sound box cup B, and to its outer 
side is attached the glass diaphragm. 2 shows the 
direction in which the cylinder is traveling—opposite 
to that of the cutting tool. 


Illustration No. 18 


Diagram of Action of Diaphragm and Stylus Cutting as 
They Vibrate Up and Down 


The above illustration of the recording diaphragm 
shows it vibrating, and is drawn primarily to illustrate 
the shorter waves cut by the previous slow-speed 
method. In Illustration No. 17, sound waves are long 
and undulating so that each wave crest passes from 
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under the recording tool rapidly, without injury to the 
wave previously made, but the drawing is also used to 
show the manner in which a diaphragm vibrates up and 
down with the cutting tool attached—engraving hun- 
dreds of hills and dales every second. 

In the vertical sound box (Illustration No. 16) the 
stylus lever is held to a bridge by a tiny bit of bees- 
wax—the bridge acting as a fulcrum over which the 
metal stylus lever secures the all-essential to-and-fro 
motion. Another variation is to place the fulcrum 
point farther up. Naturally the nearer the fulerum 
is to the centre of the diaphragm the longer the wave 
length described by the cutting stylus. When midway, 
so that the length in either direction is the same, the 
stylus has the same width of vibration as the dia- 
phragm. When the arm is rocking near the point of 
the stylus the to-and-fro motion of the stylus is con- 
siderably less than that of the diaphragm. A very 
common method is to mount the stylus so that it rocks 
on centres, which are readily adjustable, so as to secure 
the greatest amount of freedom in the movement of 
the stylus. Some set the steel pivots into centres made 
of leather and minimize rattle between these points of 
contact. For high-pitched instruments and voices a 
spring tension is employed. <A delicate coiled steel 
spring is constantly pulling or pushing the stylus back 
to neutral. The centred stylus bar and coil spring is 
by far the most popular mounting employed in the re- 
cording of lateral cut recurds. 


No. 19 
Outline of the English 
Packman Three Side V- Illustration No. 20 
Shape Vertical Record- Cross Sectional View of a Patented: - Vertical , 


ing Sapphire (Enlarged Recording Sound Box with Cork Diaphragm and 
Many Times) ‘ : Air Cushion to Soften Heavy Vibrations 
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Illustration No. 20 is that of a patented cork dia- 
phragm sound box. Cork, it is claimed, makes an ex- 
cellent diaphragm when correctly mounted, especially 
for voices and instruments and combinations that have 
a tendency to blast a glass diaphragm. 

Although the lateral cut disk system is manufac- 
tured by a number of record factories located abroad it 
is, as previously stated, a patent monopoly of the 
Victor and Columbia companies in America, while on 
the other hand until recently the phono cut disk was 
virtually unknown on this side; the Edison disk gave 
it one impetus and the introduction of the Pathe U- 
shaped groove disk another, and today, although the 
needle records lead in amount of sales, both are now 
well established, and both have made improvements in 
the finer recording details, especially during the past 
few years, so the late recordings, as a rule, are far 
superior to those of an earlier date. 

The fundamental patent of the phono cut system 
(an excerpt from which is given below) is that of the 
late T. H. MacDonald. 

Quotation from U. S. Letters Patent No. 714, 651 :— 

‘“‘The record made by this process compared with 
one made at the same time by the ordinary process 
shows peculiar and distinguishing structural features. 
The two, in fact, vary widely in appearance. The 
main features of difference are, first, in the new record 
‘the amplitude of the vibrations is much greater than 
that of the corresponding vibrations of the old record, 
showing the extent to which in the latter the move- 
ments of the style were checked; second, in the new 
record the undulations ccrrespond throughout with 
the form of the sound waves, the record presenting a 
continuous correspondence instead of a discontinuous 
or partial correspondence; third, the new record con- 
tains clearly-defined characters, representative of tone 
color or quality, which are either wholly absent from 
the old record or not recorded in such a way as to be 
capable of acting upon its reproducer; fourth, the un- 
dulations of the new record are gradual easy curves, 
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very different in appearance from the sharp angles and 
short abrupt curves of the ordinary record of com- 
merce. These marked structural peculiarities of the 
new record can be quite plainly detected visually by 
the aid of a microscope. Their result acoustically is 
that the sound delivered by the new record has many 
times the volume of the sound delivered by the old rec- 
ord and corresponds closely in all its characteristics 
with the original sound. 

‘‘In making sound-records according to the method 
of the present invention the point of the recording- 
style is slightly embedded in the surface of the tablet 
and the latter revolved at a high surface speed such 
as to leave the diaphragm perfectly free to give its 
full vibration in response to sonorous vibrations im- 
pinging thereon without any contact between the 
crests of the undulations and the heel of the cutting- 
style. Obviously the rate of surface speed for the 
tablet which is necessary to accomplish this result will 
depend to a certain extent at least upon the angle of 
the recording-style with the surface of the tablet. 

‘*A cylinder which is preferably about one and one- 
quarter decimeters (5 inches) in diameter and when 
practicing the method of the present invention is given 
approximately one hundred and ten revolutions per 
minute, thereby attains a surface speed of about 
forty-four meters (144 feet 6 inches) per minute. By 
giving the tablet this surface speed and causing sonor- 
ous vibrations to impinge upon the diaphragm of a re- 
corder whose stylus is in contact with the surface of 
the tablet a record-groove will be formed therein hav- 
ing undulations with long, gentle, easy slopes as contra- 
distinguished from the short abrupt undulations here- 
tofore formed.’’ 

The MacDonald patent was issued on November 25, 
1902, and therefore expires November 25, 1919. The 
high speed does not apply to a record a trifle under 
eight inches in diameter, hence a number of vertical- 
eut records now on the market under eight inches in 
width. The usual practice is to engrave directly into a 
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wax tablet, but one well-known international company 
engraves into a large cylinder and then ‘‘dubs’’ to a 
disk, as described in the first part relating to duplicat- 
ing. Seemingly there is much lost motion in such a 
system, but the results obtained are very excellent. 

The first disk records were made under Emile Ber- 
liner’s etching process. By preference he used bees- 
wax dissolved in benzine, which was flowed over the 
surface of a highly polished metal disk, such as copper 
or zinc. This solution when poured over the surface 
of the metal runs evenly, laying a level deposit, and 
the benzine soon evaporates leaving a thin film of bees- 
wax adhering tenaciously to the surface of the metal. 

The prepared disk is then ready for the recording 

machine, which traces a very fine, almost invisible, sin- 
uous line. A solution of nitric or hydrochloric acid 
either as a bath or as a spray is then applied, which 
cuts into the metal where exposed by the recording tool. 
The wax space between the lines naturally resists the 
action of the acid and is not affected. When the 
etching process becomes completed, the wax remaining 
is removed and the electrotyping method of making 
pressing matrices follows. The acid ‘‘under-cuts’’ 
the groove. That is, acid eats in all directions and too 
much of the side walls is removed while etching the 
required depth. 

All cutting stylii may gouge a fine thread of wax 
that is blown away by a current of forced air from a 
pipe; the fundamentals of the art are alike in both sys-' 
tems, vertical and lateral, but the details—the things 
that count—are quite different as they differ between 
the two cuts and between any two laboratories. Many 
special methods are tightly held secrets, although these 
are not very extensive, yet there are times when one 
recorder would be very pleased to learn how a competi- 
tor accomplished a certain result that he, unaided, has 
been unable to attain. The known minor features are, 
extremely technical and are probably not germane to 
this volume. 

Abandoned ideas are often restored. In the record- 
ing of a vertical groove one hundred and fifty lines - 
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to the inch, it is a practice in one laboratory to revert 
to the very old method of scoring the groove. A fine 
tool cuts out a preliminary smooth channel which the 
recording tool later follows. In this way the sapphire 
meets less resistance, has less wax to throw out, but 
enough is left for the sound wave impression to be en- 
graved into. The depth of the groove in a record is 
between two and three and one-half of a thousandth of 
an inch. 

On Sixth Avenue, New York City, in the late nine- 
ties, there was a small recording laboratory. The 
proprietor recorded supposedly in wax, and therefrom 
made copper negatives which he sold to one of the 
large companies. One night the institution vanished. 
An interesting and humorous story that good taste de- 
mands passing over ‘without further detail, but it 
reminds one very much of the celebrated epitaph on an 
old tombstone: 


‘Here lies the body of Robert Gordon, 

Mouth almighty—teeth accordin’; 

Stranger, tread lightly over this wonder, 

If he opens his mouth you’re gone, by thunder.’’ 


Speaking of wax, the first Bell and Tainter patent 
suggested one part beeswax to two parts paraffine wax. 
Then Edison came out with his hard-wax mixture, and 
as so many blank cylinders were sold for the use of 
amateur home recorders, other companies bought Hdi- 
son cylinders from dealers and used them for record- 
ing in their own laboratories. Later a patent on wax 
was issued, with a base of stearine and enough caus- 
tic alkali to make it soapy, then a metal, such as oxi- 
dized lead, was introduced into the mixture while boil- 
ing, and finally a proportion of ceresine wax added to 
give the proper consistency. Another formula con- 
sists of two parts beeswax, two parts stearic acid, one 
part carnauba wax and a teaspoonful of oxide of zine 
to about 500 pounds of the mixture. Hvery recorder 
has a pet hobby in wax, and the various waxes used 
by different recorders would include a fairly long list 
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of waxes, vegetable, animal and mineral. The ingred- 
ients are boiled and reboiled, each time the surface 
skum being removed. Between each boiling the mass 
should stand about forty-eight hours, and after each 
yoiling it is strained through cheesecloth. Care in 
mixing, boiling and straining prevents streaking and 
produces a more efficient texture. The quality and 
uniform consistency of wax is of prime importance, so 
that an even fine line will be cut by the recording tool 
without leaving ragged edges. 

Wax is a very particular old lady and must be 
handled with the utmost care. After the last strain- 
ing it is poured into molds usually one and one-quarter 
inches deep and one inch wider than the final duplicate 
disk. It is then shaved on one side with a rotary tool; 
when that operation is carefully and properly executed 
it leaves a brilliant, smooth surface. Then follows the 
curing process, which is merely letting the wax tablet 
stand in a protected place free from dust, although 
some prefer to shave after it has stood awhile. By 
this time the texture should be very homogeneous, not 
too hard, as the less resistance to the engraving sap- 
phire the less loss between the voice and the wax; yet 
it must be firm enough to stand handling, so that the 
waves will present solid projections for the subsequent 
electro-chemical treatment explained in the next chap- 
ter. However, while the recording is in process the 
wax must be maintained at a slight temperature above 
the normal atmosphere. To do that it is allowed to re- 
main awhile in an electric oven, which, when properly 
regulated, sends the heat through its entire mass and 
not to the surface only. The turntable is also heated, 
by either steam or electricity, so as to retain warmth 
in the wax. The recording room should be heated to 
a temperature of between 70 and 75 degrees Fahren- 
heit during the recording. 

Prof. McKendrick made a number of investigations 
into the phenomena produced in a vertical record. He 
found that the same word at different times was repre- 
sented in the wax by a remarkably different number 
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of indentations or hills and valleys. One word may 
have between 500 and 800 vibrations to represent it 
in the record. It is claimed by others that the shape 
of the vibrations changes between the original wax 
and the final duplicate, and yet the sound given out is 
not changed to any appreciable extent. At least, there 
is much to be learned; as previously stated, the science 
of the thing is yet to arrive. 


® 


e Illustration No. 21 
Recording Jewel for Ver- 
tical Record Magnified Fif- 
teen Times. Courtesy ‘“‘Sci- 
entific American.’’: 


The recording of instruments presents vexing prob- 
lems which have been overcome in divers ways. The 
violin tone is too weak to properly actuate some dia- 
phragms. In that case the Stroh violin, (Illustration 
No. 22) made of metal with a diaphragm attached to 
one of its bridges and an amplifying trumpet, is the 
violin used by the player. The piano result of earlier 
records, was always poor. An upright with its back 


Illustration No. 22 
Stroh Violin 
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removed and the horn focused toward the upper ranges 
was the best means until recently. In playing a piano 
for a record all effect must be eliminated. Keep the 
foot off the sustaining pedal and make the rendition 
staccato, are primary instructions given the pianist. 
Very recently an acoustic chamber has been devised 
into which a piano is set. The walls are so arranged 
that every sound is focused to one point, the mouth of 
the recording horn. It is claimed a pipe organ can 
be recorded with a similar chamber. 

Owing to the poor results obtained from a piano 
accompaniment, the majority of vocal selections are ac- 
companied by an orchestra. This brings us to another 
marvel of the talking machine. It may be easy to un- 
derstand why a recording diaphragm will convey to 
the wax a series of vibrations corresponding to one 
voice or one instrument, but the complex waxes of a 
vocal quartet with a stringed orchestra, or the en- 
semble of a band, offers the student a serious problem, 
and the solution is baffling. Recorders are careful to 
so balance the instruments and voices before the re- 
cording horn that at least fairly good results may be 
obtained. At first only one or two artists might record 
at the same time; later the number was gradually in- 
creased until today a complete orchestra or band may 
be recorded with a remarkable degree of fidelity to the 
original. 

The one theory that appeals to the mind as the 
most correct is based on the assumption that a num- 
ber of sonorous vibrations, all in perfect harmony, 
blend themselves into one complex wave formation 
that is a composite of the whole. How else can the 
drum-skin of the ear convey the same impression to the 
brain? The membrane of the machine has no power 
to concentrate on one instrument or one voice and hear 
that above the others, as can the mind of man; it 
gathers them all within its limitations. And it has had 
extreme limitations, but improvement on improvement 
in the last five years is bringing a purely mechanical 
affair to an efficiency that is almost human. 


RECORDING Z 47 


Wax, like the proverbial puppy, may have seen its 
day. Experiments with colodion, and similar sub- 
stances, conclusively prove them to be excellent me- 
dia into which sonorous vibrations may be recorded. 
The method as developed by Robert L. Gibson, of Phil- 
adelphia, Pa., is described as follows: 

‘‘Disks are made by laying upon the polished sur- 
face of a rotating disk O a rope-like layer J of a plastic 
or fluid substance, which is fed upon the plate through 
a stylus G vibrated by the recording diaphragm D. 
The collodion substance contained in the reservoir I 
may be fed out by gravity, in which an hydraulic 
plunger is used. The deposit is gradually thickened 
toward the middle of the record, thus producing a wid- 
ening of the sound grooves toward the end, which in a 
measure is supposed to compensate for the wearing 
away of the needle in the finished duplicate record. 
This thickening of the spiral is accomplished by gradu- 
ally closing a valve P in a pipe R, allowing the material 
to escape into a feeding reservoir H, by permitting 
drops of water from a tank X falling into a bucket 7 
to increase the tension of a spring V controlling the 
valve P. A flame WN is used to render the collodion 
mixture more fluid. It is understood that many im- 
provements in detail have been recently made.’? 
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Illustration No. 23 
Gibson Collodion System of Recording 


CHAPTER V 
DUPLICATION 


HE first waxen cylinders sold to the public were 

j originals; every record was a master. At. that 
time there was no method by which mechanically 

made duplicates could be produced. At least it pro- 
vided steady work for a considerable number of vocal- 
ists, players and monologue artists. Later came the 
period of ‘‘dubbing.’’ That scheme reminds one of the 
pantograph, which has at one end a style that is 
guided along a drawing and the pencil at the other end 
automatically makes a tracing. A glance at the accom- 
panying sectional view of an Edison ‘‘dubber’’ shows 
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Illustration No. 24 
Sectional View of Duplicating Machine 


the original, or master, on the bottom mandrel and the 
duplicate above. In between is a device rocking on 
a nicely balanced sensitive fixture, with a reproduc- 
ing sapphire at one end, which sapphire follows the 
hills and valleys in the master record; at the other end 
is a cutting sapphire that is actuated by the repro- 
ducer over a fulerum and engraves similar hills and 
valleys into the surface of the other cylinder. In some 
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‘‘dubbers’’ the two cylinders were opposite or parallel 
to.each other, but the arrangement shown with the 
duplicate above and the original below was the more 
satisfactory. It will also be noticed that the master 
is a concert grand, five inches in diameter, and the 
duplicate the standard commercial size, a trifle over 
two inches in diameter. As explained in the Mac- 
Donald patent, previously quoted, a superior record- 
ing can be made in the larger cylinder, and when the 
hills and valleys are reduced in the smaller cylinder the 
best reproducing results are obtained. The reproduc- 
ing stylus is traveling a groove sixteen inches long at 
each revolution, whereas the smaller cylinder presents 
less than seven inches to the cutting stylus, the ratio 
being of course 5 to 2. In every inch of the smaller 
duplicate there are just two and a half times as many 
of those tiny hills and valleys. 

The two stylii are kept snug to the record surfaces 
by a spring or weight tension, and although the speed 
is the same they are run much slower than in record- 
ing, about 65 revolutions per minute, which makes 
a cleaner tracing than at a higher speed. The chief 
advantage claimed for tracing from a large cylinder 
to a smaller one is an improvement in the finer tonal 
effects. The larger waves of the big cylinder are easier 
to record at a high speed, but when duplicated without 
any reduction the volume is too loud. By transferring 
the same waves to a smaller cylinder, and thereby mak- 
ing each wave smaller, a modulated volume with a cor- 
responding increase in the finer tonal effects is the re- 
sult. Particular mention is made of ‘‘dubbing,’’ as 
one and probably more phono-cut disk record makers 
record directly on a grand cylinder and then ‘‘dub’’ to 
a wax disk. To be more explicit the sound waves from 
the voice or instrument actuate a diaphragm that en- 
graves an undulatory vertical groove into the surface 
of a wax cylinder. This master cylinder is then set 
into a ‘‘dubber,’’ which traces corresponding waves 
into the surface of a wax disk. The fundamental 
means are identical to those employed to trace from 
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one cylinder to another, only a gearing is necessary 
and a slightly different arrangement. If the cylinder, 
for instance, is recorded at 160 revolutions per minute 
and the tracing into the disk is at 80 the ratio of gear- 
ing must be made to secure a correct tracking on 
the disk. Naturally the transverse motion of the disk, 
operating under the cylinder with tracking device be- 
tween, must travel independently from the cylinder, 
and the dual motion so worked out that the groove in 
the cylinder is traced on the surface of the disk, in 
whatever proportion is necessary to secure the number 
of lines per inch desired. 

Lateral cut records may, with a special device, be 
‘‘dubbed’’ from a vertical cut and this is occasionally 
practiced, but a vertical groove cannot be so readily 
made from a lateral one. 

The disk, whether it be an original or a ‘‘dub,’’ is 
now ready for the furtherance of the process that will 
enable the manufacturer to turn off a million dupli- 
cates if the market is able to absorb so many; he can 
have one or as many as he cares to make. The electro- 
typing part of the record is a science, more so than 
any other feature of the business. The methods em- 
ployed are very similar in principle to those developed 
by Levy and now in use by every commercial electro- 
typer. The electrotyping of a wax record requires a 
higher practice, as the ordinary and less skilled meth- 
ods of the engraver’s shop would be insufficient to 
make sound records. A smooth surface is very de- 
sirable in a printing block, but the extreme exactness 
of the deposit required by the record maker would be 
a waste of time, as the pressure of the printing press 
will take care of trifling irregularities that, if they ap- 
peared in a record, would make it useless. 

The electro-chemical deposition of metals is divided 
into two classes. Every one is familiar with plated 
ware. That is an amalgamation of one metal to the 
surface of another, so that it is not removable. Hlec- 
trotyping is where a deposit is placed on metal, but 
in such a way that it may be removed with the utmost 
ease, and is the one method used by all record makers. 
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A brief description of the electrical, mechanical 
and chemical means is now in order. First, a dynamo 
is an all-essential part of the outfit—a dynamo with a 
winding to produce a low voltage, which is the tech- 

nical term for pressure, and with a comparatively high 
~ amperage, the word to denote quantity. The average 
small plating dynamo is one with five volts pressure 
and seventy-five amperes. 

The dynamo is usually run by a small motor, al- 
though in some plants it is connected with the usual 
overhead shafting and power system. Its current is 
led through copper wires to the tank, but between are 
resistance coils and switches by which the operator 
is enabled to vary the electro-motive force as required 
during the slow progress of the operation. On one 
side of the tank, immersed in the solution, hangs a 
piece of chemically pure copper, known as the positive 
anode, to which the positive wire of the dynamo is at- 
tached. The solution in the tank is principally dis- 
tilled or rain water, but the chemical action is obtained 
by adding a mixture of copper sulphate and sulphuric 
acid in combination with various other chemicals, that 
are first carefully compounded before they become a 
part of the solution, which, when at work, must be 
maintained at an absolutely uniform temperature in 
the tank—by steam in winter and ice in summer—plus 
very careful watching. Suspended in the middle 
of the tank is the negative pole. In this case the 
negative pole is the wax disk. The action of the cur- 
rent passing through the copper in the solution disin- 
tegrates the surface of the copper and spreads it out 
through the solution in the form of a metal vapor. The 
current of electricity also passes through the solution, 
and as it is traveling toward its negative pole it car- 
ries the copper vapor along with it. The combined 
chemical and electrical action also causes the copper 
vapor to cling to the graphited wax master. 

Before the wax disk is suspended in the solution 
the surface is entirely covered with a powdered graph- 
ite put on with a camel’s-hair brush. The finest graph- 
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ite is mixed in a solution from which everything but 
the graphite quickly evaporates. Wax is non-metallic, 
and it would, if not coated with graphite, a metal, fail 
to receive the copper deposit, hence the need of a 
metallized surface, and although other means may be 
used nothing has been found to equal graphite. The 
eraphited disk is placed into a ring that prevents the 
outer edges receiving the copper deposit and connects 
the metal surface of the disk to ‘the negative return 
wire of the dynamo. Coating with graphite is a fine art 
as the utmost skill and care must be exercised in the 
operation. 


The first film of copper sent to the face of the gra- 
phited disk through the solution is composed of the 
minutest particles of copper possible. Two volts and 
three or five amperes are used at the beginning of the 
operation. Later, when the surface of the disk is well 
covered with copper, both voltage and amperage are in- 
creased. The stronger the current the faster the de- 
posit and vice versa. The low current deposits slowly; 
a higher current increases the copper deposit until the 
shell being formed is about. one thirty-second of an 
inch thick; it is then heavy enough for handling and 
subsequent manipulation. A process of record mak- 
ing that requires very close attention. 

The solution must be kept moving to prevent it be- 
coming poor in spots. One method is to keep a small 
paddle revolving; another a pump which maintains 
the solution in constant motion. 


The copper shell so formed is a negative and the 
continuous line of the wax record is a ridge. This 
shell ig now used to make further shells or stampers. 
One method is to run melted wax over the surface of 
the shell and form a mold identical to the original wax 
record. This secondary wax record is then electro- 
typed, as was the original, and the process may be 
indefinitely continued, a new mold and another shell 
electrotyped. Some use the Dr. Albert lead-matrix sys- 
tem, which is done by pressing the negative copper 


DUPLICATING RECORDS 53 


shell into a built-up lead surface, opiate a reverse 
matrix in lead instead of in wax. 

The master shell is placed safely into a vault, where 
it may be called upon at any time for the production 
of further matrices for the production of stampers. 

A secondary copper matrix has been made, possibly 
a number of them, but we will deal with only one as 
the others follow the same procedure. 

A copper plate is turned upon a lathe with both 
sides as true as possible. This ‘‘backing”’ is then at- 
tached to the stamping shell by solder, a very careful 
process by which both surfaces—the inside or smooth 
surface of the shell and the upper side of the back—are 
coated with solder and then pressed together while 
both are hot enough to keep the solder in a fluid state. 
Most of the solder is placed around the centre, and 
the upper part of the press is provided with an asbestos 
surface that is slightly concave. As the press comes 
down the pressure is greatest at the centre, which 
squeezes the solder to the outer edge and distributes 
it over the entire surface. This method overcomes the 
pits that were so noticeable in the records of a few 
years ago. Two other methods are also practiced. One 
flows a little solder in the centre of the matrix between 
the shell and the copper back, pressing the shell 
smoothly outward, and turning the extra edge beyond 
the sound waves, down over the edge of the copper 
back. Still another way is without solder; the shell 
is pressed very tightly against the smooth level sur- 
face of the back and the edge turned down so as to grip 
the sides. 

Then the negative shell is treated to a one-minute 
nickel plate. Just enough nickel is deposited to make a 
film to take up the subsequent wear. As soon as the 
nickel shows signs of being worn off the die is returned 
to the plating room for another coat. 

A record does look much like rubber. At one time 
it was made of rubber, but if cheaper and better means 
had not been found since that time, with the present 
price of rubber, records might be more of a luxury than 
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they are. Shellac, china-clay or taleum-powder, color- 
ing pigments, barium or barytes, asphalt and cotton- 
flock are the principal ingredients. 

It is ‘‘mud.’’ In fact that is the common word for 
the solid record of that character. The shellac makes 
the mass homogeneous and the cotton-flock acts as a 
binder much the same as hair in plaster; the others 
form the base. The advantage of this particular com- 
pound is extreme pliancy under the influence of heat 
and extreme hardness (although brittle), when cool, 
and a minimum of contraction and expansion. Any- 
where from three to thirty per cent. of shellac is 
used. Other chemicals and earths, such as rotten stone, 
powdered silica and metallic oxides are used by vari- 
ous mixers; like every other part of the game, everyone 
has a secret. But the principal elements are those 
given. One maker coats the surface of his record with 
a good quality mixture over a base that is purely 
‘‘mud,’’ without any shellac to speak of. The sound 
waves are printed into the high-grade surface mixture. 

The Edison record is quite different. The surface 
is a veneer of condensite over a cheap pulp filler. Con- 
densite is a phenol condensation product and its prin- 
cipal elements are a form of carbolic acid and formal- 
dehyde, with an admixture of a great variety of chem- 
icals, and is the result of a wonderful process treat- 
ment. It is similar to Baekelite, the invention of Dr. 
Baekeland, and is characteristic for its hardness and 
lack of contraction and expansion. A record material 
must not change whether it is hot or cold, and conden- 
site anwsers that qualification. The soundwaves are 
printed into the condensite surface and the underneath 
part may be any cheap mixture that does not contract 
or expand. Condensite is the invention of Jonas Ayls- 
worth, Edison’s chief chemist. 

Phenol products are being used more largely of 
late in the manufacture of record material. By treat- 
ing shellac with a mixture of a phenol product a hard 
material is obtained with less shellac. The ‘‘mud’’ 
records are made with this modified shellac with excel- 
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lent results, and a coating of a phenol product and 
shellac is in use as the veneer, with a tough filler under- 
neath not subject to the influence of heat and cold. 

The ‘‘mud’’ mixture is worked up, all elements thor- 
oughly blended and rolled out in sheets, then cut into 
squares about a half inch wider than the diameter 
of the record to be made. This material is soft and 
pliant when under heat, so it is kept on heated tables 
just before the pressing operation and lifted off with 
a tool on the order of a large pan-cake turner. 

We are now in the pressing room. Alternately, de- 
pending upon the size of the room and the number of 
presses employed, one will see first a row of presses a 
few feet apart, then an aisle for the operator to stand 
in, and a ‘‘steam table’’ the length of the aisle. 

The press is either operated by hydraulic power or 
compressed air. The illustration is typical of the aver- 
age press, although they vary in minor details in dif- 
ferent plants. The gauge is not on every press, but is 
usually elsewhere under the eye of an engineer whose 

duty it is to see that the re- 
quired pressure is maintained 
in the pipes leading to the ma- 
chines. A ten-inch record re- 
quires one hundred tons pres- 
sure, and a twelve-inch consid- 
erably more. The bed plate is 
attached to the ram, and when 
the power is applied they are 
forced upward. Pipes of cold 
water also lead to the press, so 
as to chill the dies and record 
when the pressing operation is 
complete. 

The ‘‘steam table’’ is com- 
posed of a hollow flat surface 
centre section, into which 
steam is permitted to flow. On 
ee aa es each side of the heated metal 


Record Press and Gauge 
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section is a wooden plank flush with the metal part, 
so as to protect the workman from a possible burn 
while at work and on which he may remove the mat- 
rices from the dies when cold. 

We now have before us two finished stamping 
matrices that have been polished, fastened to their 
copper backs and given a minute nickel bath, squares 
of record material kept warm on the table, two dies, 
labels and other accessories, all conveniently laid out 
for quick and easy operation. 

Into the bottom of one warm die the operator puts a 
previously heated matrix face up, on top of which 
is placed the corresponding label face down. Into 
the other die is also placed the other matrix and 
its label. Then over one die a square of warm, pliant 
record material is placed, and as fast as possible the 
two dies are fastened together; one being turned up- 
side-down over the other so that a matrix and label 
are on each side of the square of material. Then into 
the press goes the two dies, now as one unit, except 
for a vertical play so the two can be squeezed together 
by the press. When in the press the power is turned 
on for a few seconds, then released and_ simultane- 
ously the cold water is turned into the jacket, and the 
dies are allowed to remain under the cooling influence 
of water while the operator proceeds with other work. 
When sufficiently chilled the dies are taken out, 
knocked apart and the nearly finished duplicate record 
removed. The surplus material has been forced out 
through a slot, and afterward the record is taken to 
the grinding room, where the rough edge is ground off. 

Often a double-face record is much better on one 
side than the other; one surface is as good as can be 
expected and the other exceedingly scratchy and the 
detail badly blurred. A workman can operate only 
so fast, although some move quicker than others, as 
we all know, but between the time he places the mate. 
rial on the surface of the lower die, puts on the label 
and the upper die, at least a few seconds of time has 
elapsed, and as a result the upper surface is slightly 
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chilled before it reaches the press; the material is too 
hard to accurately receive an impression from the 
matrix. This difficulty is being gradually overcome, 
and many two-sided records are as good on one side as 
on the other. 

In the process of electrotyping and stamping there 
are many minor processes that we have been com- 
pelled to skip over; to enter into them would fill a vol- 
ume many times larger than this. We believe that the 
foregoing will give a fair idea of the means used to 
make duplicate records. 

Cylinder-making methods are fundamentally simi- 
lar, although the actual details widely vary, as one 
is a disk and the other a cylinder; one is the treatment 
of a plane surface and the other the exterior of a cyl- 
inder. The matrix of a cylinder is naturally on the 
inside or convex side, and the duplicate cylinder is 
forced into it by steam pressure, which pushes the walls 
of the inside yielding cylinder into the metal of the 
obverse master. Edison uses a system by which a 
heated fluid record material is forced into the copper 
matrix by centrifugal force. 

Edison four-minute cylinders are made of a mixture 
of asphalt, lead, stearate, and preferably a resin gum 
made as follows: 40 lbs. of commercial stearic acid 
having about 5 per cent. oleic acid, and free from un- 
combined fats and glycerine, is added to 20 lbs. of 
resin gum such as copal, kauri or colophony and melted 
to a temperature ranging from 112 to 205 degrees C. 
When melted 10 lbs. of litharge are added, forming 
lead stearate and water, the water being driven off as 
steam. Hard asphalt, such as Gilsonite, Egyptian or 
Syrian asphalt is then added in varying quantities, and 
a temperature of 205 degrees C. is maintained until all 
the products of decomposition are driven off and the 
material is limpid. The composition is next filtered 
through layers of muslin and is then ready for use.. 
A corps of chemists finds new secrets and better rec- 
ords are delivered unannounced to the public, although 
only a slight change in formula may take place. 


CHAPTER VI 
REPRODUCING DIAPHRAGMS 


O mechanical diaphragm, metal or fibrous, an un- 
treated product of nature, as mica or a chemical 
synthesis of natural elements, is possessed of the 

sensitive quality of the tympanic membrane of the 
human ear. Yet the two perform their functions along 
almost identical lines, and no mathematical equations, 
no experiment, however ingenious or wonderful, has 
ever unravelled the complex infinitude of motions that 
change with the slightest modification of pitch, volume 
and quality of the human or mechanical diaphragm. 

The recording diaphragm is the membrane that 
conveys mechanical sonorous vibrations to the waxen 
disk or cylinder, as the human tympanic membrane 
carries the same wave impressions to the brain, where- 
as the reproducing membrane transforms the mechan- 
ical motions of the stylus into audible sound waves. 

The human diaphragm is extremely sensitive to the 
slightest wave modification, but its brother in the 
phonograph is lacking in some of its more subtle ef- 
fects, hence the continual pursuit of the perfect repro- 
ducer membrane. 

The best diaphragm for reproducing, and we are not 
thinking about recording in this chapter, is one made 
of glass. A finely-ground, exceedingly thin glass mem- 
brane, excells all others. The reproduced tone is 
cleaner, deeper and less of the finer details are lost. 
Why does no one use it? It is too fragile, as may be 
readily surmised. Ordinary glass is easily broken, but 
when it is a disk not much thicker than a hair the per- 
centage of mortality, when shipped and handled by 
the inexpert, would run into alarming proportions. 

Up to recently the mica disk for needle records has 
been universally used. It is not affected by heat or 
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cold, and is the same in any part of the world, tropical 
or arctic. It does not fatigue and become tired as so 
many other materials do. The reproduction is loud 
and brilliant, often too staccato and nasal, but its de- 
cided advantages in an Exhibition type of sound box 
are obvious. The thinner and larger the diameter of 
the mica diaphragm, the louder and sharper the tones 
emitted. The more flexible and sensitive to the push 
and pull of the stylus, the wider the amplitude of its 
vibrations, 

Mica is found in various parts of the world, but that 
most preferred by sound-box makers is the Indian 
clear or ruby mica. Mica is taken out of the mines in 
chunks, and afterward peeled down to the desired 
thickness; it is built up of thousands of minutely thin 
sheets, one on top of the other. The quality demanded 
by the phonograph man is the choicest of the mine. 
When peeled to the desired thickness, the irregular 
edged pieces are usually cut into squares a trifle larger 
than the diameter of the circumference into which 
they are turned by a lathe. Flakiness in mica may 
be the means by which it is split into any desired thick- 
ness, but a whitish speck on the surface is a raised 
flake with an air bubble under it. A diaphragm so 
flaked is a blasty one and should be replaced without 
delay. 

The disadvantages of mica and the superiority of 
glass have led men into countless experiments to mix 
glass with other materials so as to retain its resonance 
and yet be less fragile. An American consul in Bo- 
hemia, the home of wonderful glass things, reported 
that a local man had invented a commercial glass dia- 
phragm, but no one in the trade knew anything con- 
cerning its wonderful virtues. A company in New 
York State has also made a number of interesting ex- 
periments in glass diaphragms, but no instrument so 
far is equipped with a glass membrane. 

In the meanwhile inventors have turned toward the 
earliest and most primary principles in the art of dia- 
phragms and sound box construction. In another 
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chapter the toy telephone with its string and card- 
board diaphragm is referred to. More than one inven- 
tor has employed the flexible string connection to con- 
vey the vibrations into his diaphragm, and a still 
greater number have adopted some kind of pulp in the 
form of paper. John Lewis-Young, an English expert 
who has many inventions to his credit, especially in 
the nineties, recently wrote an article telling his pref- 
erence for a cardboard diaphragm. He smoothes its 
surface with an ivory handled knife, so as to press the 
molecules more closely together, and pares the edges. 
As far back as 1903 (and thirteen years is an age in 
the art) a Russian by the name of Victor Gasiew, de- 
vised a sound box with a long flexible string between 
a pivoted needle holder and a cardboard diaphragm 
in a stationary sound box. 

The new Edison sound box contains a diaphragm 
made of five layers of the very thinnest rice paper im- 
pregnated with a shellac composition and pressed to- 
gether under heat so as to be .005 of an inch thick 
when finished. The results are excellent in combina- 
tion with his record and system of reproducing. The 
Westinghouse Co. have brought out a paper dia- 
phragm, also impregnated under heat, and a phenol 
product is forced into the pulpy fibre. Another new 
disk phonograph with a chemically treated black fib- 
rous diaphragm has recently been offered to the pub- 
lic. Many may be the theoretical arguments adduced 
against the use of paper as a vibrating membrane. 
The principal one is that time will disintegrate its 
fibre, and another is the tendency of almost any ma- 
terial except glass and mica to fatigue and loose life 
after a few playings, necessitating a rest so as to 
give the molecules a chance to come together again 
into a normal state. Invention upsets many prior 
conclusions, and it is believed that modern methods 
of chemically treating paper or fibrous diaphragms 
will give them a continued usage for years to come— 
at least until a better material is brought into being. 

An aluminum composition with geometrical designs 
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for the purpose of flexibility has been proposed and is 
used in some sound boxes. Another invention calls for 
coating a metal with an asphaltum mixture. (Good re- 
sults are so obtained on some records in a suitable 
sound box. 

Carbon, ivory and bone render a pleasing, mellow 
tone, but are not satisfactory in a general sense. 
Stretched silk is another ‘‘invention’’ often offered 
manufacturers, but there is a disagreeable ‘‘tubbiness”’ 
to its reproduction. Among the metals copper has been 
more extensively used, always in the cylinder type, but 
either paper or mica are superior. Vulcanite is em- 
ployed in an English-made sound box and the results 
are really excellent. A cork diaphragm is another pos- 
sibility and the Edison interests have experimented 
with it. When properly made its reproduction is some- 
what akin to paper, but as a reproducing diaphragm 
it has found no users among practical makers, although 
many an amateur phonograph enthusiast will use no 
other kind of a diaphragm. Wood has been experi- 
mented with by a number of skilled men, but so far it 
has not been developed commercially—it is unsuitable 
for all kinds of records. Wooden diaphragms have 
been made as thin as two-thousandths of an inch and 
chemically treated with a shellac composition to a final 
thickness of seven- to nine-thousandths of an inch. 

Like sound boxes, no one diaphragm is suitable for 
all record grooves, all stylii and all selections, and in- 
dividual tastes vary from one extreme to another. The 
commercial diaphragm in material, thickness and di- 
ameter is an average one; it meets all conditions in the 
best possible way. Diaphragms of other material and 
other dimensions will be better suited to certain selec- 
tions, but it is impossible to change sound boxes with 
each record. 

Chladni, ‘‘the father of acousties,’’ made a long ser- 
ies of interesting experiments with diaphragms, and 
the one supreme outstanding result of his work is a 
demonstration of the way diaphragms form nodal lines 
and points, creating exact geometrical formations. 
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Illustration No. 26 


Diaphragms Form Various Geometric Patterns—a Different 
Pattern for Each Wave 


When the fundamental tone of a diaphragm is im- 
pinged against its surface, the sand or other fine granu- 
lar material previously placed on its surface is not vis- 
ibly disturbed, but as the sound waves become more 
complex the more elaborate the pattern produced. As 
the vibrations divide the diaphragms into different sec- 
tions by agitating the sections in relief the sand is de- 
posited along the lines between the sub-divisions of the 
geometrical pattern, which is changed in accordance 
with pitch, volume and quality. 

The above illustration shows a variety of designs 
produced by different tones, from a simple one that is 
near the fundamental of the diaphragm to another far 
removed, producing a design that is seemingly fantas- 
tic, but, as will be seen, it is in exact proportions. 


CHAPTER VII 
STYLII 


HE ball-point sapphire was the first commercial 

i stylus of any value. The earlier phonographs 

used a steel needle permanently set in the centre 

of the diaphragm, but a wire needle wearing on soft 

wax was not extremely satisfactory, from a point of 

durability if nothing else. The ball-point sapphire is 

used in every cylinder phonograph as a reproducing 

stylus, with the exception of the late Edison Amberol 

machine. Pathe and other disk makers engrave a U- 
shaped track that calls for the ball-point sapphire. 

In the disk talking machine the sapphire is not a 
fixed part of the sound box as in the cylinder machine; 
it fits into a standard needle set, which holds the stem 
in the same way as a steel needle is held, by compres- 
sion of the usual set-screw. The Germans call the sap- 
phire and its metal holder a saphirstifte, which means 
in English a sapphire pencil. A very good title, as the 
sapphire sliver, ground and polished, is set into a brass 
or german-silver stem something after the fashion of 


Cross-sectional view of Edison dise 
i and diamond point. (x 


Illlustration No. 28 
Edison Diamond on Record. Cross 
Section of Record Shows Con- 
densite Surface and Pulp 


Illustration No. 27 


Pathe Sapphire on Record Filler Underneatn 


Courtesy ‘‘Scientific American.’’ 
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lead pencils. The tiny sapphire chip of inferior qual- 
ity, unfit for the fine arts, is ground and polished at 
one end to a ball shape, varying in size between ten 
and thirty one-thousandths of an inch, and the other 
end is cemented and spun into the end of its metal 
stem with only the ball-shaped end projecting. The 
Illustration No. 27, showing an enlarged view is re- 
ferred to. 


Sapphire of the commercial variety is found in 
various parts of the world; some very good stones are 
obtained in Montana. It has no standard degree of 
hardness, and may wear out in a hundred playings, al- 
though it often lasts throughout several thousand se- 
lections. It is brittle and may, if dropped too careless- 
ly on the record when it is in the sound box, break off 
a chip, which is sufficient to ruin all further usefulness. 


An occasional feature of the sapphire, as a perma- 
nent stylus, is a tendency to wear when in contact with 
the record groove. As the face so worn becomes more 
distinct, and the ball shape is being gradually trans- 
formed into an irregular one, the quality of the repro- 
duction is growing worse. Turning it over so that an- 
other side of the sapphire is taking the grind is one 
way to lengthen its life, providing, however, nothing 
but sapphire records are used; if changing from needle 
to sapphire records as fancy dictates this is impossible; 
the worn surface is invisible to the naked eye. Sap- 
phire needles have been tried for use with lateral rec- 
ords, but with very little progress. 


Owing to the popularity of the lateral-cut record, 
steel needles are used more than all others combined. 
Steel talking machine needles are made from a high- 
grade steel wire, pointed, cut to length, hardened and 
polished. The mechanical equipment required for 
their manufacture is very elaborate, and only three 
manufacturers make them in the United States. At 
one time large quantities were imported from Ger- 
many, but as the American manufacturers improved 
the quality and lowered the cost of their product, even 
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before the war, the German-made needle had been 
nearly supplanted by its American competitor. How- 
ever, the best steel needle is made in Nuremberg, Ba- 
varia. The needle-making art acquired in that old 
town of historic interest has never been equalled in 
any other part of Germany nor in America. 


_ Illustration No. 29 
New Needle and When played Twice. Magnified 25 Times. 


Courtesy ‘‘Scientific American.” 


The stouter or thicker the steel needle, the louder 
the volume it will produce, and, conversely, the thinner 
the needle the less intense are the vibrations and the 
smaller the volume sent up to the diaphragm by the 
needle through the stylus bar. The heavier needle 
flexes the diaphragm more violently than does its 
weaker brother. Why? The tiny undulations in the 
record are hitting the needle as it passes by, and the 
more resistance offered by the needle the heavier are 
the vibrations. The loudest-tone needle is about one- 
sixteenth of an inch in diameter, but one who has any 
consideration for the durability and cost of records will 
not care to throw away his hard earned shekels in that 
way. A loud-tone needle is ruinous to records. Do 
not use a heavy needle at any time, unless a dance is 
on or you wish to inform the neighbors of a new record 
purchase. Playing with loud needles will soon ruin the 
finest record library. True, many instrumental selec- 
tions for the sake of good effect should be played loud, 
full and clear; a band record, for instance, is often 
better played with a loud needle. The degree of taper 
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has an important bearing on volume; an obtuse taper 
large needle may be less violent than a smaller one with 
an acute taper. The reason is obvious, a long taper is 
more yielding than a short one. 

“Do not use a steel needle more than once’’ has 
been printed a million times, yet some people persist 
in using a needle twice. If you are one of those who 
prefer being obstinate, carefully consider Illustrations 
29 and 31. The needle, as shown in 30, should rest its 
point in the bottom of the track; if it is worn 
and has no point, as in 31, these jagged steel projec- 
tions are ripping and tearing out the delicate undu- 
lations in the record. Usually a second-hand needle 
will do more damage than a dozen new ones; often 
it will ruin a record the first time, especially the high 
notes. 


Illustration No. 30 Illustration No. 31 
» Columbia Lateral Cut Record Once Around the Track and Very 
and Steel Needle Much the Worse for Wear 


Courtesy ‘Scientific American” 


Most manufacturers supply three packages of 
needles: loud, medium and soft. Sometimes they re- 
ceive fancy titles like piano, pianissimo, etc., but they 
are loud, medium or soft under any title. These needles 
have been carefully selected by the makers as the most 
suitable to their records and their instrument, and un- 
less one wishes to experiment further and carefully 
judge varying results, it is well to renew needles from 
the same source. However, on certain records a needle 
a trifle stouter or thinner, with a less or greater angle 
of taper, makes a vast difference in the reproduction. 


STYLII 67, 


lf the reproduction of a particular record is indif- 
ferent, try different needles and also experiment with 
needles at different lengths, all the way into the socket, 
a little farther out the next time, and perhaps a little 
more the third attempt. The positioning of a needle 
often makes or mars a good selection. 

Another feature of the needle should be carefully 
observed. Do not use different kinds of needles on the 
same record indiscriminately. When the most suitable 
needle is selected, play that record with that shape and 
size needle and no other. The needle wears a track 
of its own; a size larger will wear another track, and 
between the two the record is being worn out quicker 
than if one kind of needle is always used. One cannot 
go far wrong by clinging to a medium-tone needle for 
general work, unless a special needle is reeommended 
by the instrument manufacturer. 

A receptacle should be provided for used needles 
so they cannot become confused with new ones. One 
lady finds that talking-machine needles are excellent 
tacks for holding small pictures on the wall; they make 
a clean puncture in the wall paper and may be with- 
drawn without leaving a visible mark. Another wraps 
them in paper, and in that shape they are ‘‘mouse-hole 
stuffers.’? Mr. Mouse has no inclination to chew 
through anything so warlike and terrible as a forest of 
steel spears. 

The wear of a lat- 
eral record is graph- 
ically shown in the 
accompanying _ illus- 
tration of a Victor 
record that has been 
played many times 
and is so Ar orn 
that its reproduction 
sends out more noise 
than music. Notice 


the numerous nicks of 
lllustration No. 32 


Tllustration No. 33 


A. Medium Tone 


Needle. B. Soft Tone Needle 


C. Fibre Needle 


Courtesy 


“Scientific American” 


Illustration No. 34 


D. Loud Needle. E. Soft Needle. F. Permanent Sapphire 


Courtesy 


Needle 
“Scientific American.” 
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INustration No. 35 
‘ 


material that have been torn out by the repeated pass- 
age of a steel needle, until the original formation is 
partly superseded by a new and inharmonious series 
of indentations. 

The above illustration of nine sizes of steel needles 
comprises the average variation in size. No.1 is an ex- 
tremely thin needle, too narrow to fit the track of an 
average record, and it is not advisable to use it. No. 2, 
as may be observed, is a trifle stouter and better for 
soft reproductions. No. 3 is an excellent average needle 
shape for a majority of records. No. 4 has a longer 
vapor than No. 3 and is also a good medium needle. 
No. 5 with a short taper is a medium loud needle, and 
Nos. 6, 7 and 8 are successive steps of louder needles. 
No. 9 is an extremely heavy needle; it is thick and 
the taper very acute. 

A very thin needle, such as No. 1 or even No. 2, 
is not recommended from the standpoint of record 
durability. Experiments prove that a thin needle 
which does not fill the record groove is more injurious 
than one that is a better fit. At the same time a very 
heavy needle, such as No. 9, is too rigid and offers too 
much resistance to the undulations of the record. 

Medium needles are more desirable when record 
durability alone is considered; a very thin or very 
thick needle is more injurious than a medium size. 
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The diamond point is tapered and not ball-shaped 
like the sapphire, as the groove it tracks in is V-shaped. 
A sliver of black or commercial diamond is ground, 
polished and set into a metal holder. How is the dia- 
mond point’made and set? Being of more than ordi- 
nary interest, a general description of the process is 
given and illustrated. 
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Illustration No. 36 
Making a Diamond Point 


In Illustration No. 36, Fig. 1, is the rough diamond 
in splinter form; Fig. 2, it has been ground smooth at 
the lower end (No. 5); Fig. 3, the end has been ground 
to a conical form, and Fig. 4 the end has been rounded. 
However, before any work is performed the diamond 
splinter is placed into a brass or other suitable metal 
holder, into which a hole is drilled and the diamond 
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set, surrounded by a very hard cement. In this holder 
the bottom is surfaced smooth, as shown in Fig. 5. The 
next scep is to place the shank containing the diamond 
into the chuck of a lathe, where the taper is made as 
shown in Fig. 6. The end is now tapered but must be 
rounded. To do so a cone- shaped grinder is placed 
over the end of a diamond, as in Fig. "8, No. 13 of Fig. 
8 is the end of the grinder. The process of rounding 
the point is accomplished by imparting to the rotating 
grinder, No. 15 of Fig. 7, as oscillatory motion as 
shown by the dotted lines. In other words, as the 
grinder is rotating a cam movement oscillates it, which 
grinds a round point and not a sharp one. The point, 
when finished, is about .008 of an inch in diameter. 

The hard, firm material used in the average record 
of today has induced experiments in ball-point dia- 
monds for use with the U-shaped, vertical-cut records 
in place of sapphire. Excellent results have been ob- 
tained. If the diamond is exceedingly smooth, so it. 
glides along the track, the claim is made that the rec- 
ord track takes on a polish and actually becomes 
smooth and harder by use, instead of wearing out. The 
tone from a diamond is rounder and less surface noise 
is observed. Many owners of sapphire record libraries 
are now using a diamond point in their sound box. 
However, only the most carefully ground and polished 
diamond ‘will accomplish such results. 

A diamond point has been introduced in England, 
ground and polished so that it will not abrade glass 
when drawn across its surface. It is pointed like a 
needle and is used to play a needle record. Very broad 
claims are made that a record played with this dia- 
mond point will last indefinitely. 

The so-called fibre or bamboo needles (see Tllustra- 
tion No. 33) are made in a triangular shape, so they 
may be repointed as well as to fit into the record 
‘groove. The bamboo from which they are made is 
first thoroughly dried and cured, then it is cut into. 
pieces so as to eliminate the characteristic bamboo 
joints, then cut to size and shaped by machinery into 
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the familiar triangular form. The sap must be ex- 
tracted. and the pores filled with a mineral wax to 
prevent splintering and to soften the natural wearing 
effect of dry, hard wood, such as bamboo. The wax 
also preserves the porous fibre against the ravages 
of climate, and permits the point to more smoothly 
glide along the record track. Fibre needles impart — 
a greater mellowness to the reproduction of most 
records. 

A company in Bound Brook, N. J., saturated fibre 
needles in a graphite solution. An examination showed 
that every particle of the fibre was thoroughly pene- 
trated by the graphite mixture. This suggests a means 
of securing greater record service from fibre needles. 
Tt is well established that a lubricated record groove 
prolongs the life of the record. Therefore, use graph- 
ited fibre needles and lubricate the record. In fact, 
a patent was recently issued on a means of depositing 

- graphite into the record track. Graphited needles are 
seemingly a better method and one less expensive and 
troublesome. 

Tungsten, a mineral very much in demand to com- 
bine with steel to-produce one form of high-speed tool 
steel and in the modern electric-light filament, is the 
latest material to be used as a talking machine needle. 
A tiny piece of tungsten is set into one end of a metal - 
stem. The projecting slip of tungsten wears evenly 
and smoothly; it does not turn up any rough edges, 
but takes a polish as it is used. It varies in durability 
to a remarkable degree, sometimes wearing out in 
a few playings while another may run two hundred 
times before becoming really worn. 


A tungsten point set into glass was made in Schen- 
ectady some years back, but no popularity was given 
it until manufactured in a large way by one of the 
older companies under a patent assigned to them. 

A hedge-thorn needle, if hard and thoroughly 


cured, is fairly good on certain records, but seldom 
sold. There is no demand worth the effort, and steel 
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needles are very cheap. Celluloid needles are also on 
sale. aa, 

The latest needle is made of bone. Compressed 
bone or horn is cut into tapered strips and treated 
to a hardening process by immersion in a saturated so- 
lution of chromic acid in order to remove certain dele- 
terious materials and to give greater elasticity. The 
point of the bone needle is then washed in a dilute 
solution of hydrochloric acid and later is allowed to 
absorb a quantity of sperm oil which fills the pores. 
It will play several records without attention and then 
needs only to be resharpened. 

The speed of a sapphire or diamond on a cylinder 
record is absolutely uniform from end to end, but on a 
disk as the spiral narrows toward the centre, the revo- 
lutions per minute being identical, and the circumfer- 
ence of the groove diminishing at each revolution, the 
speed of a needle, sapphire or diamond on a disk is not 
uniform. For instance, a spiral groove thirty-five 
inches long is traversed in the same time as one fifteen 
inches, consequently the reproducing stylus travels 
considerably faster in the larger outside grooves than 
it does in the inner ones near the label. How is this 
apparent difficulty taken care of? In a very simple 
way indeed. The number of undulations, or hills and 
dales per second, are approximately the same through- 
out the length of a disk record. They are longer and 
more sweeping and their number is less per linear inch 
at the circumference than at the centre. The recording 
stylus has made the same number of vibrations per sec- 
ond, but as its speed diminishes while nearing the 
centre the waves are closer together, therefore the re- 
producing stylus encounters the same number of waves 
per second irrespective of the speed, and, within cer- 
tain limitations, the longer and more rolling waves of 
outer grooves reproduce in tone and volume similarly 
to the shorter ones near the label. 

To state that lack of uniformity in speed makes no 
difference in tonal quality is merely an approximation, 
As a matter of fact, if it were possible to secure an ab- 
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solutely uniform speed in a disk the musical quality of 
the record would be slightly improved, all other things 
being equal. 

The greater wear on the outer edge of a needle rec- 
ord is always annoying, and the reason for this vexa- 
tious nuisance is one that holds more than a little 
interest. Superficial observers have claimed that the 
faster travel per second and the consequent greater 
friction is the chief contributing cause. Mr. J. B. Tay- 
lor, a Schenectady engineer, in an article in the Scien- 
tific American, November 138, 1915, suggests another 
and far more plausible thecry which is corroborated 
by other investigators. It is true that the groove length 
per second is greater near the edge than it is further 
in toward the label, but it may have been noticed that 

. only a few outer lines receive the burden of the tearing- 
out process—the excessive wear on the record is not 
gradual toward the centre, but only in the first few 
lines. A steel needle is best adapted to the lateral 
record because it has the peculiar property of being 
soft enough to wear itself to fit the groove within a 
few revolutions, and yet sufficiently hard to finish a 
record without a too considerable further breaking 
down of its point. This being true, the friction between 
the needle and the groove is much greater until the 
needle has been worn to fit the groove it is traveling in, 
and consequently the undulations near the rim of the 
record are destroyed more rapidly than later when the 

needle has adjusted itself to the groove. ; 


Mr. Taylor made some other very interesting ob- 
servations. The area of a needle point’s surface is about 
1-36,000 of a square inch. The weight per square inch 
of the needle on the record is 9,000 Ibs. The distance 
traveled by a needle on four average records was 2,298 
feet at a speed of 1.82 miles per hour. 


What material is ‘‘ picked up’’ by the needle during 
its trip across the record? Particles of cotton flock. 


CHAPTER VIII 
SPEED REGULATION 


EMPO or time is more important in a talking ma- 
chine than in a piano. The piano player may be 
merely too slow or too fast, the key is not thereby 

affected, but a talking machine selection in the wrong 
time is also in the wrong key. The average record is 
recorded at about 78 revolutions per minute; the repro- 
duction should be at the same speed. If the turntable is 
revolving at a greater speed the needle is being agitated 
more violently and the pitch is raised. It is, therefore, 
very essential that the correct number of revolutions 
per minute be established by means of the speed regu- 
lator acting on the governor. The wider the governor 
springs are permitted to expand the faster the speed. 
It is the function of the governor leather bearing 
against the governor disk to hold the speed in check 
and to keep it uniform. The mechanism is explained 
in another chapter, therefore only the means of hand- 
ling and the effects will be discussed here. 


In a number of instruments it will be noticed that 
the speed-regulator index is divided into numbers from 
60 to 90, and it is supposed that when the dial is point- 
ing to 78 that 78 revolutions per minute will be the 
result, but that is not so. An expert adjuster may 
set the instrument so that this is a fact before ship- 
ping, but afterward a number of things may happen 
_ to render the notion a mere fallacy. The adjustment is 
liable to disarrangement in shipping, but the one sure 
thing that will happen in time is a shrinkage of the 
leather or felt piece that holds the governor disk tu a 
fixed position. In that event the index may show 78 
and the speed be quite different. 


Three methods are in use to determine speed. The 
first is by ear. If the operator has a sensitive ear this 
is really the hest method. Select a record that is fa- 
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miliar and move the dial back and forth until the cor- 
rect time is established. 

The second and most absolute way is to take an old 
record that has passed its days of musical usefulness, 
and with a ruler and nail or awl score a mark across 
it from centre to edge. Every time the needle hits the 
mark there will be a very audible tap.. Count the 
taps and adjust and readjust until the speed is to the 
desired number of revolutions per minute. This 
method is only recommended for use with a needle 
machine or one with a removable jewel; do not try it 
with a sapphire or diamond point—either may become 
damaged; a needle can be thrown away. 

The third way is to put a record on the turntable, 
but between it and the turntable place a slip of paper 
part of which is visibly projecting. Then count every 
time the paper passes a given point, the same as the 
taps of the second method, but play a record in the 
usual way when making the test. 

In any of the above ways it will be found that 78 
revolutions may read 80, more or less, and that 90 revo- 
lutions may register 88 or 95 on the index. Keep a 
record of these variations. Make a new test from time 
to time; the felt or leather pad may be worn or fur- 
ther ‘‘packed down.’’ 


CHAPTER IX 
SouND Boxes 


HE best-known sound box—at least the one most 
ep largely sold—is the Jones and Gibson inven- 
tion, and known to the trade and public as the 
‘“‘Hixhibition Sound Box.’’ The late Henry Jones was 
the first to see the advantage of hollow rubber tubes, or 
gaskets, one on each side of the rim of the diaphragm. 
The most noticeable feature of the needle record system 
is the greater thrust of the stylus. That is, the vibrat- 
ing distance traveled back and forth by the end of the 
stylus in the diaphragm is greater than it is in the up- 
and-down V-shape record. The Exhibition sound box 
has been made to take care of this and other features. 
Although very familiar to everyone, in order to bet- 
ter describe it. a sectional view is given in Illustration 
No. 37. 
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Illustration No. 37 
Cross Section of Exhibition Sound Box 
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A is the needle holder, with a V-shaped inlet to fit 
the fibre needle and with a set-screw to tightly hold 
the needle in position. B is the knife-edge fulcrum 
on which the stylus bar C and its cross bar D rocks 
with a minimum of friction. It is, in fact, borrowed 
from the weighing scalemaker’s art. Held by screws 
are two flat springs that constantly push the stylus 
and its mounting back to neutral, or the mean position 
between the limit of vibration. By the use of springs 
the resiliency of the diaphragm is increased. E is the 
section of the sound-box frame to which the springs 
and knife edges are attached. F is the metal housing 
or frame of the sound box. G is the mica diaphragm, 
about nine-thousandths of an inch thick and one and 
eleven-sixteenths of an inch across its sufrace. H is 
the centre of the diaphragm to which the upper or 
small end of the stylus is affixed by a set-screw and 
nut, and over which beeswax is run in order to exclude 
the entrance of air at that point. I represents the hol- 
low rubber gaskets made of tubing one-eighth of an 
inch in outside diameter. Nominally these tubes should 
be cut the exact length of the circumference, but in 
practice they are cut a trifle longer so that they will 
pack in better. One is placed on each side of the mica 
disk at its rim. The mica must touch only the rubber 
gaskets and not the metal. J is a rubber disk that is | 
held to the main body of the sound box by two screws 
at K. Into this rubber ring is inserted the sleeve end 
of the sound tube I, which avoids placing metal 
against metal, obviating blast and rattle at that point. 

The wax at H in time is apt to become loosened. 
If so, place a little beeswax around the centre and 
melt it fast by the application of a heated metal point. 
Rubber gaskets should be renewed every year. The 
amount of real Para rubber in their make-up is near 
the vanishing point, and durability in a rubber com- 
position is an unknown element. A mixture of sul- 
phur, powdered chalk, lampblack and other fillers with 
a little rubber added will in time dry out, become 
brittle and loose all life and resiliency. It is neverthe- 
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Illustration No. 38 Illustration No. 39 
Columbia Sound Box Magnetic Sound Box 


less as good a composition as can be devised for the 
purpose and its poor features must be taken in relation 
to its good ones. 

At least once every year the old gaskets should be 
removed and new ones carefully put in. Sometimes re- 
juvenation will restore rubber gaskets to a part of 
their original elasticity. Dip into gasoline and rub 
briskly between the palms of the hand. The gasoline 
has a softening tendency, and the static electricity in- 
duced by rubbing enlivens the deadness of the vitiated 

material. 

Another style of sound box equally well known is 
best exemplified in the Columbia, shown in Illustration 
No. 38, which employs a stylus bar centered on pivots, 
ond a larger diaphragm than the Exhibition. The usual 
shaped metal casing, hollow rubber gaskets and many 
other features are fundamentally similar. Mica in it- 
self is elastic when in a flat disk shape, and when the 
stylus bar is rocking on pivots spring tension to as- 
sist the push and pull of the stylus is not necessary if a 
-proper balance of the parts is correctly made. 

A magnetic sound box (Illustration No. 39) is now 
being manufactured. The principal deviation from a 
standard pivoted sound box is seen in the use of a 
permanent horseshoe magnet placed behind the needle 
holder, to assist the diaphragm action. 
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The weight required by a lateral cut record is about 
six ounces at the point of the needle, and the sound 
box is made with this prime point in view. Sound 
boxes made specially for the lateral cut records are 
also lighter in their stylus mountings than those made 
for the U-shape vertical record. 


Illustration No. 40 
Pathe Sound Box 


The Pathe sound box, Illustration No. 40, is the 
heaviest sound box used in the United States and is 
specially adapted to their record with its comparative- 
ly deep undulations. The mica diaphragm is two and 
five-sixteenths of an inch in diameter and about eleven 
one-thousandths of an inch thick. The pivot mounting 
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is heavier than any of the others and the stylus arm 
is at an angle to the face of the diaphragm, the ful- 
crum being nearer to the point of the sapphire, which, 
in combination with the angle at the fulcrum, permits 
every advantage of leverage to bear against the centre 
of the diaphragm. 

The Hdison sound box is radically different from 
anything of its kind. The diaphragm, as previously 
stated, is rice paper treated with a resinous chem- 
ical composition, but is not adaptable to any other 
system of recording, and another sound box is re- 
quired to play records manufactured by a competitor. 
Hollow rubber gaskets are not used; a soft, solid rub- 
ber gasket seems more satisfactory in the V-shape 
hill-and-dale record. The stylus point is a permanent 
diamond in the end of the stylus lever, which is ful- 
erumed on two pivots. However, the metal stylus arm 
does not engage the centre of the diaphragm. Between 
the stylus lever and diaphragm is a cotton, linen or 
silk loop, known as a flexible connection. A flexible 
connection entering the diaphragm, carrying the vi- 
brations through its texture, is of recent development 
in a commercial way. It is known to the public only in 
the Edison and Vitaphone, although a part of the new 
Hoffay system. This vegetable fibre string seems to 
possess the peculiar property of eliminating many of 
the harsh sounds inherent from a direct metal contact 
of the stylus with the diaphragm. A string so used 
must be taut, as any flexible material in string form 
needs to be drawn taut in order to permit the passage 
of vibrations through its substance. One will recall 
the toy string-telephone of childhood days, when each 
of two youngsters drew the ‘‘wire’’ taut so as to gos- 
sip over the line. The needful tension on Edison’s flex- 
ible connector is provided by a weight as illustrated, 
which supplies the required three-ounce pressure that 
keeps the floating diamond point pressed into the rec- 
ord groove. 

The Hoffay sound box is the latest addition to the 
sound box family, and it is made along very unique 
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Illustration No. 41 
Cross Sectional View of Hoffay Sound Box 


and distinctive lines. Illustration No. 41 is a sec- 
tional transverse view. Figures 1 and 2 are the forked 
stylus lever that straddles the sound box cup 6. The 
double stylus lever is mounted on a pivot, Fig. 13, 
which is insulated from the cup by a rubber ring, Fig. 
16. Fig. 7 isa flexible cord fastened to the centre of the 
diaphragm. The two free ends are then looped over 
both prongs of the stylus lever. These prongs, being 
drawn slightly inward to receive the loops, naturally 
hold the cord taut. 

The forked stylus lever is always under tension, 
and as the vibrations sway the diaphragm to and fro 
the constant tension pulls the diaphragm back to neu- 
tral, and, Hoffay says, ‘‘The foreign sounds produced 
by irregularities of the sound groove are thereby to a 
very appreciable extent eliminated.’’ 

All sound boxes must follow certain requirements, 
such as a smooth rounded exit at the mouth where the 
waves enter the tone arm. Sharp corners cause re- 
fraction, and corners that are too rounded create the 
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same condition to a minor extent. The distance be- 
tween the inner side of the metal casing or cup and the 
inner side of the diaphragm is of the utmost impor- 
tance, as it is in the construction of a recording sound 
box. About one-sixteenth of an inch is the usual prac- 
tice, although the distance between the mica and the 
metal face of the cup varies according to the size of the 
sound box, the record it is adapted to be played with 
and other considerations, so that there is no particular 
rule governing the so-called ‘‘air space.’’ The box 
part, or metal housing, is usually a die casting—which 
means it is made of an aluminum composition and cast 
in metal molds—copper plated and then nickeled and 
afterward burnished. The stylus arm, if of a rounded 
taper form, is a forging, and if flat it may be of 
stamped steel. 

The effect on reproduction of spring tension of any 
kind that tends to pull the stylus back to neutral is 
greater brilliancy. A sound box so constructed is bril- 
liant and clear. A sound box one and three-quar- 
ters of an inch in diameter, with a mica diaphragm, 
produces an average clean reproduction with a volume 
of moderate dimensions. The larger ones are natural- 
ly louder, although often modified in this respect by 
the weight of the stylus, length of leverage between 
the fulerum and centre of diaphragm, and also by the 
thickness of the diaphragm. 

The transmission of vibrations by molecular force 
was evidently overlooked by the early inventors, and 
they relied entirely, as they thought, upon the me- 
chanical to-and-fro rocking of the stylus arm over a 
fulerum. In the recording sound box the wave ampli- 
tude of the diaphragm is lessened by placing the ful- 
crum less than half way between the end of the cut- 
ting tool and the centre of the diaphragm—the regis- 
try of each wave movement is lessened in its ampli- 
tude at the point of the cutting tool by leverage. The 
reverse condition takes place in the reproducing sound 
box—each movement of the needle or other point is © 
magnified when it reaches the diaphragm. Seemingly 
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the mechanical to-and-fro motion, whether lateral or 
vertical, produces the undulatory motion at the end 
of the recording stylus and reversely sways the repro- 
ducing diaphragm in and out. By soldering the stylus 
arm at its ordinary fulerum point it has been proven 
that a very good reproduction can be effected, al- 
though inferior in quality as there is too much damp- 
ening of the wave amplitude. Nevertheless the mole- 
cular action in both cases is very evident. The con- 
clusion must be that: recording and reproducing result 
from a combined mechanical to-and-fro motion and 
molecular action upon diaphragm and stylus arm, 

Sound box design was a more simple problem in the 
days when only the lateral disk was in use, but since 
the advent of the U-shape and V-shape vertical grooves 
the task is a more difficult one. Changing sound 
boxes is, to say the least, a nuisance to the average 
owner of a phonograph, but if more than one cut of 
record is owned, and pleasure dictates playing one 
kind immediately following another, a proper rendition 
in many cases can only be obtained by taking off the 
one sound box and replacing it with another. 

The diamond point in the Edison V-cut record is 
almost perpendicular, which produces the best possible 
results with the Edison short stylus arm and paper- 
and-cork diaphragm, but if an Exhibition sound box 
with a diamond point in its needle holder were put on 
an Edison record at such an angle the result would be 
anything but music. To overcome this difficulty, and 
adapt the needle sound box to play the Hdison, most 
makers arrange the swivel on which the sound box 
swings to face the record, so that the diamond point is 
tracking the groove at an angle of about fifty degrees 
to the surface of the record. 

A steel needle should be at about forty-five degrees 
for best results, but in some sound boxes a better result 
is obtained at fifty, while others have the angle a few 
degrees below forty-five. As a general thing, a steel 
needle at forty-five degrees produces better detail and 
less blast than would a more acute angle. 
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The construction of the Edison sound box is very 
different from any other. A sectional view is given 
in Ilustration No. 43, to which reference may be made 
in order to follow the descrip- 
tion. Figure 9 is a sectional 
view of the record. The vibra- 
tions are transmitted through 
a diamond point, which is in 
one end of the stylus arm 
(30) with a pivoted fulcrum; 
from there the vibrations travel 
along the short piece of cotton 
or’ silk~\thread * (25). This 
thread is connected to the 
stylus arm (26) and to the dia- 
phragm (28). The diaphragm 
(5) is made of five layers of 

TLS Wee etn rice paper, impregnated with 

a shellac composition under 

heat and pressure, and when removed from the press 
is five one-thousandths of an inch thick. In order 
to keep down excessive vibrations that might produce 
blast, a piece of cork is affixed by shellac to the under- 
neath side of the diaphragm (24), and on top is an 
ivory fixture (29) into which the upper end of the flex- 
ible cord is tied. The edge of the diaphragm is held 
between rings of soft rubber (6)—not hollow as in the 
other types, but solid. The sound box as an entirety 
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Illustration No. 43 
Cross Sectional View of Edison Disk Sound Box 
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is in two sections held together by the swivel arrange- 
ment (15 and 19). Figure 14 is a flat spring that al- 
lows flexibility and a quick response to the constant 
fluctuation of the record. The underneath section (13) 
carries the stylus section and keeps a uniform weight 
of about three to four ounces on the diamond as it fol- 
lows the groove of the record. The upper section (1), 
which is the sound box cup, is rigidly attached to the 
sound tube, and both sound box and tube are propelled 
by a spiral feed. Figure 21 is a loop into which a pin 
(22) passes, known as the limit pin, and the sketch of 
the sound box next above the sectional drawing shows 
the pin and loop better than the purely mechanical 
one referred to. The lower section is by this arrange- 
ment allowed a freedom of movement as the sound box 
rides the record. When the sound box is raised from 
the record the pin is focused at the inverted apex of 
the loop, which then acts as a support for the lower 
section. 

The free-swinging lower section not only provides 
pressure at the diamond point and resiliency to allow 
for the variations in the travel of the record, but it 
maintains a constant tension pressure on the flexible 
string (25). As explained elsewhere, sound waves 
will not pass through a string unless it is taut. 

The Vitaphone sound box or reproducing device, 
which is the invention of C. B. Repp, is unique in more 
than one sense. It is the culmination of many efforts 
to secure a stationary diaphragm by transmitting vi- 
brations through a long, solid arm or string. Many 
patents have been issued in the American, English, 
German, Swiss and Austrian patent offices covering the 
elementary principles of the idea, but these inventors 
apparently failed to find the missing link, so none of 
them ever came before the public. Edison and Ber- 
liner also flirted with the idea, but abandoned it. Fun- 
damentally the Vitaphone involves four primary prin- 
ciples: stationary sound box cup and diaphragm, mov- 
able stylus arm on two universal joints, flexible loop 
connection between stylus arm and diaphragm, and 
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constant tension on the loop and diaphragm. Some 
pioneers had three of them in various ways, others 
only two, but the combination of the four are of recent 
origin in the modern Vitaphone, which renders, com- 
paratively speaking, a very soft tone. 


pa 


BSE), 


Illustration No. 44 


Vitaphone Sound Box with Solid Wooden Arm, Stationary Sound Box, 
Constant Tension Pressure on Diaphragm and Wooden Arm Weight 
at Needle End to Maintain Pressure on Record Groove. 


The free-swinging, solid wooden stylus arm is made 
of straight grained maple treated with a chemical so- 
lution that drives out the air and moisture, which al- 
ways remain in the most thoroughly natural or kiln- 
dried wood, and the solution fills the pores, allowing 
the vibrations a freer transmission through the 
solid arm to the diaphragm. 


The Vitaphone is also unique in the sense of being 
the first real deviation from the ordinary sound box 
methods to be actually manufactured. It is the only 
phonograph relying largely upon the molecular trans- 
mission of vibrations through a long stylus arm. 
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Illustration No. : 


Cross Sectional View of Bliss Drum-head 
Sound Box 


The Bliss drum-head sound box is an interesting 
departure from standard methods of design. The prin- 
ciple involves a large diaphragm giving out a wave am- 
plitude that eliminates tone arm and sound chamber. 
Every tendency toward simplification should be en- 
couraged. 


Since the foregoing was written, Bliss has intro- 
duced to the market a new sound box; although follow- 
ing accepted lines, it is radically different in several es- 
sential details. The fibrous diaphragm is impregnated 
with a chemical that leaves a golden-green sheen start- 
ling in its brilliancy. One may seek in vain for the 
customary rubber gasket, either hollow or solid, which 
upsets the pet theory that the rim of a diaphragm must 
be held by a yielding elastic substance. 


The present Vocalion sound box is somewhat similar 
in construction to the Columbia, except it has a fibre 
back lending a depth of tone quality to several classes 
of music—the baritone voice, clarionet, oboe, and wood- 
wind instruments in general. 
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A few years ago, a company in London, England, 
placed upon the home market a V-shape vertical 
record to be used in conjunction with a diamond stylus. 
The sound box for that system is illustrated in No. 
46. It illustrates a fulcrum obtained by pivots rocking 
in centres. Coil springs press the stylus bar firmly 
against the pivots—these springs also tension the 
stylus arm. 


Illustration No. 46 
An English Sound Box for Use with Diamond 


ORIGIN OF THE VICTOR DOG 


The idea was originally conceived by an English 
artist named Francis Bearaud, who appeared at the 
offices of the Gramophone Company, Ltd., of London, 
with a finely executed oil painting portraying his 
favorite fox terrier listening to one of the earliest 
models of the gramophone. The idea was well re- 
ceived by the officers of the Gramophone Company, 
and an arrangement was made with the artist where- 
by he surrendered the picture and the right of dupli- 
cating it. Later it was adopted by the Victor Oo. in 
America as their trade mark. 


CHAPTER X 


ToNE ARM 


HE phrase tone arm signifies the hollow tube in a 
oe talking machine. It has a sound box attached 
to one end, and at the other a jointed connec- 

tion with the sound chamber, or horn. As will be seen 
in Illustration No%6, the early gramophone sound box 
was rigidly attached to a large, cumbrous horn, the 
added weight and consequent inertia seriously inter- 
fering with a proper reproduction. The removal of 
the horn, or at least part of it, from the sound box 
engaged the attention of many inven- 
tors connected with the Victor and Co- 


Illustration No. 47 
An Early Tone Arm Disk Machine—Elfering Patent 


lumbia companies as well as inventors abroad. The 
first published idea of a ‘‘broken’’ horn, or one in 
two parts, was made by Dr. Rosenthal of Germany, in 
1897. Later, improvements were made by W. N. Den- 
nison, Robert L. Gibson, J. H. Elfering, HE. R. Johnson, 
T. H. MacDonald and others. 

The first patents called for a horn in two sections— 
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the phrase ‘‘tone arm’’ had not then been invented by 
a man with a good idea of advertising value. Never- 
theless, as it so materially improved tone quality the 
name was well selected. A few thousand Elfering 
arms, Illustration No. 47, were manufactured, but the 
Dennison taper arm and goose neck soon superseded 
the Hlfering. The taper tube of the Dennison arm, 
Illustration No. 48, swings in a lateral direction only, 
while the goose neck provides a vertical motion, thus 
establishing a well-balanced universal movement. The 
Dennison arm has gained a merited popularity through- 
out the world. It is an exceedingly clever and useful 
invention, and is accurately made to avoid rattle at its 
joints. The attached sound box when not in use is 
provided with a convenient position, permitting a 
change of needles with a minimum of effort. 


Illustration No. 48 


Dennison Taper Arm and Goose Neck as Applied to an Outside Horn. 
As Used in a Cabinet, See Illustration No. 57, Page 113 


The Columbia tone arm, Illustration No. 49, is 
their two-piece taper tone arm. There is a limited 
vertical motion at the first joint and a lateral motion 
where it connects with the concealed horn. The ma- 
jority of tone arms used by other phonograph makers 
of America are straight and cylindrical with a uni- 
versal ball joint at the base—or a swivel and trunnion. 


Among free-swinging tone arms the Victor and Co- 
lumbia are the only ones with a gradual taper, as the 
Victor Co. sustained its exclusive right in the Amer- 
ican courts, and in turn licensed the Columbia Co. In 
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Kurope the Gramophone Co. legally sustained the pat- 
ent on a combination taper tube and goose neck, but 
failed to secure exclusive rights to a taper tone arm 
when mounted on a universal joint at its union with 


' the horn. 


Illustration No. 49 Illustration No. 50 
Columbia Tone Arm Radius of Needle Arc 


The utmost care must be taken by designers to see 
that the are described by the needle across the face of 
the record forms an almost flat segment. By referring 
to the illustration the dark, horizontal, slightly curved 
line is approximately the correct radius; the lighter one 
is an imperfect radius and anything near that will 
cause the needle to improperly drag the groove; that 
is, part of the time the needle is hugging one wall of 
the groove and not bearing down in its center. Natur- 
ally the shorter the tone arm the more difficult it is to 
regulate the radius of the needle or jewel. A very 
short tone arm can be designed for use for a seven 
inch record, but its radius is wrong for a ten or twelve 
inch record. Again, by correct positioning a fairly 
good radius can be described by a short arm on a ten 
- or twelve inch record, but then it is wrong for the very 
small records. The longer the tone arm the flatter 
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the segment and better the reproduction, all other 
things equal. 

The Edison disk phonograph does not use a tone 
arm in the accepted meaning of the phrase. Instead 
the sound box cup is rigidly fastened to the small end 
of the horn which gradually tapers as it extends across 
the turntable and bends downward in its sweep to the 
mouth, which is parallel with the sound box. A sector 
fastened to the upper section of the horn engages a 
spiral which feeds the sound box and upper section of 
the horn across the face of the record in accordance 
with the groove of the record. No part of the horn or 
sound box cup is bearing on the record—all are guided 
by independent mechanism—and only the weight part 
of the sound box, to which is pivoted the small stylus 
arm, is allowed to bear on the record. 

The principal advantage of the Edison mechanic- 
ally fed, raised and lowered sound arm and sound box 
is that no work except that of vibrating is imposed on 
the diamond point; the movement of the arm being in- 
dependent, thus minimizing surface noises. Another 
advantage claimed is the avoidance of a joint in the 
horn—in a joint many possibilities of rattle and blast 
are lurking. Still another is the freedom of the lower 
section of the horn from any moorings—it swings free 
and independent of any fastening to the cabinet. The 
advantage of few points of horn contact is pointed out 

\ in the section on Encased Horns. 


Illustration No. 51 


A Method of Changing from Position for 
Needle Cut Record to Up and Down 


CHAPTER XI 


CARE OF RECORDS 


Y this time the reader is familiar with the in- 
finitesimal delicacy of a record groove. <A 

grain of dust is a mountain rolled against a 
sound wave undulation. First, then, keep records 
clean. Wipe them off before being played. Regular 
record brushes with a nap that gets into the groove 
and brings out the dust can be purchased for a small 
piece of silver. Always keep one around. A brush 
that may be attached to the sound box sweeps the 
track fairly clean, but a record brush is the better way. 

A small library of records may safely and con- 
veniently be kept in record albums, if space in the 
cabinet is provided or there is a convenient shelf or 
closet handy. Record albums are not the most satis- 
factory method as they are clumsy to handle, and unless 
made of the heaviest material and well put together 
they come apart if much used and soon present a be- 
draggled appearance. 

A very satisfactory means is one of the many filing 
cabinets that may be secured from almost any dealer, 
unless the cabinet of your instrument is provided with 
a similar arrangement. Cabinets so made have parti- 
tions of paper and board whereby the records stand 
on edge and are rolled into the indexed compartment. 
Another and better method is the record drawer that 
pulls out from a horizontal position, dropping to a 
vertical position—the records lie flat, as they should 
when stored away, but are in a convenient vertical 
arrangement when wanted. The drawer being pro- 
vided with partitions and stationary indexed en- 
velopes or index cards, the record is always easy 
to find and to replace. The vertical file, as it is known 
in offices, cannot be equaled for filing correspondence, 
and the requirements of a record file are very similar. 
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Ease of access, quick to find and a simple return 
to proper place are the requirements in both cases. 
Handle records as little,as possible, keep them clean 
and in a convenient place. The real care of a record is, 
however, in the handling of the needle or jewel. A 
careful study of the chapter entitled ‘‘Stylii’’ is of ex- 
ceeding importance. 


RECORD LIBRARIES 


A talking machine is not always a musical instru- 
ment; it is not always a dictating machine into which 
' the merchant or lawyer may tell his typist what he 
desires to have written, but it has other and varied 
uses. Hixisting throughout the world are over five 
thousand spoken dialects, and not a few of them are 
in the Austro-Hungarian Empire, consequently the 
Imperial Government ordered a varied assortment of 
records made for future reference. 

When the Red Man visits Washington it is not 
always for a peace pow-wow, as in olden days; he 
more often journeys there in order to be photo- 
graphed and make a dialect speech into a recording 
horn. The Smithsonian Institute is preserving rec- 
ords of all the various American Indian tribal 
tongues. Nearly every capital city of the world is 
accumulating a record library. Permanent records 
of great singers are being preserved, and if in the 
long years to come our monuments, like those of the 
ancient Assyrians, are only partly decipherable, 
future generations may go to the record library and 
a departed voice will tell all about it, or maybe sing 
about it, as Harry Lauder would say. 


CHAPTER XII 
ToNnE CoNTROL 


ROBABLY the earliest method of tone control, 
when the voice of the machine became too stri- 
dent for the listener, was to throw a handker- 

chief into the horn which dampened the volume to a 
very considerable extent. The handkerchief tone con- 
trol has seen its logical development in the strips of 
cloth used in the horn of the modern Edison disk. 

The next step was taken by the Victor Co. in the 
use of doors at the mouth of the horn. Wide open, 
the volume is unimpeded; partially closed, the refrac- 
tion against the sloping doors diminishes the volume; 
entirely closed, the volume is very small. 

Valves in the small end of the horn, operated by 
a lever or knob, may be seen in a number of instru- 
ments. Another manufacturer couples a valve to the 
top of the sound box, in that way controlling the vol- 
ume at its source. 

The Graduola, of the Vocalion, the invention of 
J. F. Empson of Sydney, Australia, is the best-known 
tone-control method on the market, due not alone to 
its adaptability and efficiency, but to the unusual ad- 
vertising campaign that has made it known to every 
one who reads. Illustration No. 51 is a sectional view 
of the valve end. No. 23 is the flexible rod that ex- 
tends to the exterior of the cabinet connecting with the 
handle. Within the cover of the flexible rod is a length 
of silver-steel wire that is joined with the rubber valve, 
No. 16. As the sliding rod in the handle is pushed in 
the valve No. 16 is forced into the mouth of the taper- 
ing chamber No. 8, just below the entrance of the tone 
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arm. The dotted lines No. 22 show the valve entirely 
away from the outlet and admitting a full volume. As 
the valve is gradually pushed into the mouth the tone 
is gradually diminished, and when released the re- 
verse takes place—the volume is increased. In that 
way one who wishes to ‘‘play’’ a phonograph can vary 
from crescendo to diminuendo, although notches in the 
handle permit the valve to be set in different positions 
so as to establish a fixed volume throughout the rendi- 
tion. In the hands of a skillful musician really wonder- 
ful effects can be produced by a manipulation of the 
handle. 


Tllustration No. 52 


Cross Sectional View of Graduola Valve and 
Throat 


Tone clarifiers are of two kinds. One consists of 
an attachment that grips the needle, slightly reducing 
the sway of the needle, causing it to vibrate less vio- 
lently, and in this way minimizing the metallic over- 
tones. Another type of tone clarifier is a number of 
small tubes. in a single casing. that is inserted within 
the neck of the horn. Experiments with this idea and 
others based on diffraction, prove that metallic tones 
may be partly absorbed by forcing them to scurry 
through tubes or around bends. Inharmonic tones do 
not seem to have the stamina of those in harmony, 
and when refracted and reflected a few times, partly 
or entirely fade away, depending upon how stringently 
they are sent forth from the sound box. Some metallic 
tones are more susceptible to this influence than others. 


CHAPTER XIII 


TALKING PICTURES 


HE one important thing that a scenario author 
must keep in mind is to so move his characters 
that their actions ‘‘talk,’’ with the aid of an 

occasional ‘‘reader,’’ or words of explanation between 
scenes. The actors must so move and deport themselves 
that one can mentally visualize just what they are say- 
ing. How much more interesting will the silent drama 
become when the silence has been removed, and the 
spoken word is pleasantly conveyed to the ear by un. 
obtrusive mechanical means! 

Edison tried it a few years ago, but the scheme was 
a failure when operated by unskilled hands, and the 
nasal effect of the specially constructed, loud-speaking 
apparatus was far from pleasing. But another and a 
better day will arrive. The time is not far distant 
when the accomplishment will pass out of the labora- 
tory and be a part of every cinema equipment in the 
~ world. 

Messrs. Gaumont et Cie, of Paris, have taken out 
a number of patents on what they style a Chronophone, 
a combination picture and speaking aparatus. An- 
other well-known French company of film and phono- 
graph makers are trying to commercially synchronize 
the kinematograph with the phonograph. It is still 
in the laboratory. 

Many are the difficulties to be overcome. For in- 
stance, films have a bad habit of breaking; a few sec- 
tions are removed and the eye is hardly conscious of 
the fact. What happens to the disk or cylinder on 
which the sound is printed? That cannot be partly de- 
leted. Another difficulty is to secure an absolute syn- 
chrony—the word must be spoken to agree with the 
motion of the lips. In the light of present achievement 
the phonograph calls for one kind of mechanism and 
the picture projector another. Electrical devices to 


TALKING PICTURES 99 


make the two move in unison have been patented 
by different people, but we shall not tell why they 
have never reached the public or were withdrawn— 
you may surmise. 

Sufficient volume to meet the requirements of a 
large audience remain undeveloped. ‘True, micro- 
phones have been devised, but they speak with harsh, 
metallic effect. Imagine a love song roared out of a 
megaphone with an iron throat! The aesthetic require- 
ments are very severe, and the known mechanical 
methods are far behind the demands of a present-day 
audience. 

The cylinder or disk record may be so used some 
day, but the photo-recording system, or a method un- 
thought of today, is the more likely means of syn- 
chronizing picture and speech when both are mechan- 
wal reproductions. 

An interview with Thomas A. Edison, in the Cen- 
tury Magazine of June 1, 1894, tells of plans by him 
far back as 1887, to combine moving pictures and 
the phonograph. Thirty years intervene and noth- 
ing profitable accomplished; ample proof, if any be 
needed, of the seemingly insurmountable difficulties to 
be overcome. But persistence will win, and some day 
the talking-movie will be as much of an institution 
as either one of the two is today. 


CHAPTER XIV 


Sonorous BopieEs 


N inventor once remarked that he would one 
A day produce an instrument without diaphragm, 
sound box or horn in the accepted mean- 
ing of these terms. The violin talking machine, 
as shown in Illustrations Nos. 54 and 55, in a feeble 
way accomplishes the elimination of part or all of the 
familiar reproducing features. The vibrations are car- 
ried to the wooden body of the violin in No. 55 (inven- 
tion of H. Buffet) through a diaphragm actuated by 
the sapphire stylus. The violin swings on a pivot 
while being propelled by the groove of the record. The 
vibrations gathered by the sapphire act upon the 
resonating body of the violin in a manner similar to 
the tow through the strings, as explained in the de- 
scription of the violin found in the section relating to 
stringed instruments. 

Here is illustrated another scheme to make obso- 
lete the ordinary sound box, tone arm and horn. The 
solid wooden res- 
onator slides 4 
along the rod in a 
loose way so that 
the full weight of 
the conical block 
of wood is resting 
on the record. It 
applies to the ver- 
tical-cut record 
with a sapphire 
point, but needs quite a number of improvements be- 
fore it will become known in a commercial way. 

Eventually the circular diaphragm may become ob- 
solete, though real approach has been made toward its 
elimination. Sonorous bodies will vibrate in unison, we 
know, but they do not possess the ability of responding 


Illustration No. 53 Buffet Resonator 
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to any and every vibration as readily as the dia- 
phragm. The audiphone is an example of what may 
be accomplished when the external human ear is un- 
able to appreciate sound. The audiphone is a fan- 
shaped sheet of hardened india-rubber, and when one 
end is held against the upper teeth, because of its gen- 
eral resonance, it vibrates in unison with all sounds 
which are conveyed from the teeth by the auditory 
nerves to the brain. Sonorous bodies have their own 
fundamentals, which are predominant; they will vi- 
brate in unison with such tones, but are quite deaf 
to others. The audiphone is a poor substitute for a 
good ear, and the musical quality of the large vibrating 
body, in the light of present knowledge, is far behind 
the thin circular membrane, reinforced by a horn or 
sound chamber. 
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Illustration No. 54 
(Above) 


Cross Sectional View of Mwy 
Beatty Violin Resonator, YZ 


Ulustration No. 55 
(To Right) 


Cross Sectional View of 
Buffet Violin Resonator. 


CHAPTER XV 


SYMPATHETIC VIBRATIONS 


HIS term in its correct usage relates to the sym- 
pathy that exists between two resonant bodies. 
The piano would be flat without its sounding 
board, and the violin would be a succession of squeaks 
without the wonderfully constructed wooden body. The 
tone of the string is imparted to the sounding board 
which responds in sympathy, adding the richness of its 
own overtones. There are also discordant sympathetic 
vibrations that occasionally assail the sensitive ear- 
drums of a phonograph enthusiast. ‘‘Blast,’’ ‘‘rat- 
tle,’’ and ‘‘wire’’ are vernacular names for the ‘‘lit- 
tle black man from Egypt,’’ who so often spoils the 
rendition of an otherwise excellent selection. 


French savants once set up two piano tuning 
forks, each tuned to exactly the same pitch. <A tun- 
ing fork has no upper harmonics or overtones; it is 
one instrument that may be relied upon to give forth 
only a simple tone. Assuming the pitch of each was 
1056 double vibrations per second, when the one was 
vibrated by the action of a violin bow being drawn 
over it, the surrounding air vibrated 1056 times per 
second, and the other fork, several feet away, vi- 
brated in unison, giving out the same pitch as the 
other. The professors then attached a tiny piece of 
wax to one of the prongs of one of the forks, just 
sufficient to reduce its pitch number two or three— 
surely an infinitesmal percentage. What happened 
the next time the violin bow was drawn over the un- 
waxed tuning fork? Its waxed mate remained almost 
silent. This demonstration proved that a resonant 
material will be set in sympathetic vibration when, 
through the intervening air, the same number or 
nearly the same number of vibrations are placed in 


SYMPATHETIC VIBRATIONS 103 


motion from another nearby source; but if the body 
that is expected to send back a sympathetic vibration 
is sufficiently solid, it may not do so unless the exact 
number of vibrations to which it is keyed are re- 
ceived by it. Take a pendant wire, for example, a 
considerable number of vibrations above or below the 
pitch that nature has established within it will start 
it jingling. What relation has this law of sympa- 
thetic vibrations to the talking machine? A very 
important one, as there are so many parts, each 
keyed by nature to a certain pitch number, in a talk- 
ing machine of any kind. It is the upper harmonics 
of voice or instrument relying upon strength or in- 
tensity that cause mischief. A brass horn is very 
replete with upper harmonies of its own; a wooden 
horn has its repertoire of tubby harmonics, unless 
skillfully overcome. The speed regulator dial may 
be keyed to a certain pitch number that will be vi- 
brated by an overtone in the voice of one certain 
song bird, and other parts of the instrument are 
susceptible to the same influence. It has occurred 
that over three hundred records might be played or 
a certain instrument and only one singer on a certain 
note would cause any part to vibrate. The same 
song sung in the same key by two other singers did 
not bring out the disagreeable ‘‘rattle.’’ Only one 
conclusion can be drawn; the one note that rattled 
was rich in an overtone in sympathy with the part of 
the instrument that vibrated in unison. This condi- 
tion is particularly true of the higher notes, although 
it may happen anywhere in the entire range—from 
the lowest basso to the highest piccolo. It is most 
noticeable in rich tones that are round and robust. 


Another source of ‘‘blast’’ is from the diaphragm. 
A reproducing diaphragm, more so than a recording 
diaphragm, must be of average thickness—too light 
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for some vibrations and too heavy for others. Often 
a series of heavy vibrations will flex it so violently 
that before a return to neutral is possible the next 
vibration is upon the scene and they meet with a clash, 
become entangled with each other, and a loud wail of 
anguish is let forth and amplified many times by 
passing through the horn. A heavier diaphragm 
would overcome the disturbance, but it might be too 
unyielding for the softer tones, which in that event 
become lost to the hearing. 

A third cause of what may better be styled sym- 
pathetic discordance results from loose joints. This 
disturbance is truly a rattle; the adjoining surfaces 
banging together, the result of an intense molecular 
disturbance of one or both adjoining parts. 

Only once in a long while should any of these 
things happen to a well-made instrument. All screws 
should be tight, and parts that may be so set as to 
take up vibrations should be insulated with rubber or 
felt to guard against back vibrations. If vibrations 
occur too frequently press lightly on each exposed 
part with the fingers while repeating the blasty o1 
rattling section of the record. The extra heavy vi- 
brations that cause the noise can be readily found; 
if the fingers are over or on the spot the intense 
vibration is very noticeable to the touch. Perhaps a 
tightened screw will overcome the trouble. 

Quite often the blast is in the record, and is not 
the result of any of the previously mentioned causes. 
Perhaps a recorded overlapping of tones did not so 
affect the instrument on which it was tested, but 
yours is sufficiently different to bring out the discor- 
dant element. Again, careless pressing of a record 
will produce a series of noises throughout a part or 
all of its track, the pressman having allowed the ree- 
ord material to become too cool before entering the 
die, as previously explained; the indentations were 
as a result, not properly formed. Poor quality of 
record material cannot make a good record, but in 
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the standard makes only an occasional lapse will be 
found that is due to careless mixing of the ingre. 
dients. 

Very often an intelligent examination of the pos. 
sible sources of rattle and blast will enable one to 
trace the trouble to its lair, and place a speedy stop 
to the annoyance. Not always, however, as the keen- 
est expert is often baffled. 

Blast is frequently due to the wax at the centre 
of the diaphragm becoming loosened; air is thus per- 
mitted to enter the sound box from its outer side. 
See sound box section for possible remedy. 

Again, be sure the needle is firmly held by its set- 
screw, and be equally certain that the needle is good. 
before starting a search for blast. 
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Illustration No, 56 


Ryron System of Photo Recording 
(See Page 107) 


CHAPTER XVI 
PHotTo-RECORDING 


N school-boy days do you remember how the pro- 
if fessor of physics tried so hard to drum into a 
bunch of numbskulls the relation of sound and 
light waves? ‘‘The angle of reflection is the angle of 
incidence in both,’’ and many other bits of similar wis- 
dom regarding the laws of nature that were studied 
only to vanish later through the side doors of juvenile 
memory. There are several kinds of profitable tips that 
have no relation to waiters or the stock market, but 
if you are in the trade and possess an up-to-the- 
minute mind, look carefully into the relation of light 
and sound waves. The art of recording sonorous 
vibrations into a photographic film is advancing in 
quiet eddies—one of these days it may hit us with 
the force of a tidal wave, and many a wiseacre will 
be found asleep at the old-fashioned horn, and pos- 
sibly he may be fiddling with one of those push but- 
ton tone modifiers. To use the bromidic phrase of the 
ad. writer who is groping for something with 
‘*punch’’ in it, now listen! 


There is nothing fundamentally new in _photo- 
recording. Alexander Graham Bell in his early ex- 
periments looked more favorably upon that method 
than upon wax. In 1880 a British patent was issued 
to him, but seemingly nothing further was accom- 
plished by either him or his associates of the Volta 
Laboratory. Many others have endeavored to bring 
the principle to a practical solution. Mercadier, Le 
Pointois, Poliakoff, Cooke, Pletts, Holden and Victor 
Kmerson, among others, have striven to bring to per- 
fection the art of recording sonorous vibrations in 
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selenium. Doctor Rosenthal, of Frankfort-am-Main, 
Germany, has been trying to better previous efforts, 
and before Armageddon at least two of those won- 
derfully equipped laboratories in Paris were bring- 
ing French ingenuity to bear on the solution of the 
problem. In Berlin, Dresden and Leipzig, until the 
war lords turned gramaphone factories into cartridge 
and shell plants, German cut-and-try artists were 
chasing the same elusive rainbow. Elusive it may be 
to-day, but who can tell what genius will find the 
missing link to-morrow? 


Let us pass over the early attempts and examine 
the work of an American, H. B. Byron, of Chicago, 
Ills. His invention best describes the methods em- 
ployed to secure a photographic tracing of a series of 
sound waves—at least it has the leaven of extreme 
simplicity. 

We will assume that the reader is familiar with 
the underlying principles of mechanical recording— 
the vibrating diaphragm communicating its impulses 
through a stylus which engraves a series of hills and 
dales or undulations into wax, collodion or similar 
yielding material. In photo-sound recording a dia- 
phragm is also vibrated by the impact of sonorous 
vibrations, but instead of transmitting, through a 
mechanical cutting and ploughing apparatus, the 
Byron diaphragm vibrates a conical tube through 
which a strong light is continually passing. Refer- 
ring to the illustration (which is only part of his 
apparatus taken out for the purpose of better ex- 
plaining the basis of the invention) it will be seen 
that A is an electric light, the rays from which are 
reflected by B into the conical tube C. D is a vibrat- 
ing diaphragm connected to the tube C. As the dia- 
phragm vibrates the tube vibrates with it. At the 
bottom, or small end of the tube is EZ, a revolving 
photographic film. The vibrating tube pours an 
oscillating stream of light to the film, corresponding 
to the lateral waves engraved by a mechanical re- 
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corder. It is needless to say that there is an im- 
penetrable curtain so that the light can reach the film 
only through the tube. 

The next step is to develop the negative in the 
manner of all films. Then follows the making of the 
positive or record for use. The positive or duplicate, 
is made on a film coated with a soluble solution which 
when acted upon by light hardens sufficiently so that 
water does not dissolve it—it is water insoluble. The 
coating of the positive consists of an emulsion con- 
taining one-fifth gelatin, one-fifth bichromate of 
potash and three-fifths gum arabic. The positive film 
so coated is then exposed to light under the negative 
film in the usual way. It is then developed, fixed and 
washed along the same lines as the finishing of a 
movie film. The zigzag line of the negative being 
black, the light does not penetrate through the line 
to the positive film underneath, but it does on both 
sides of the line. Thus the coating of the positive is 
hardened on both side of the sound wave line, leaving 
it a soft, soluble, wavy streak throughout the length 
of the record. When washed and finished, what hap- 
pens? The soft streak representing the sonorous vi- 
brations are washed out, and a sunken groove or 
channel remains very similar to the track of an ordi- 
nary disk record, only the track is continuous in the 
new system and not a helical groove as in the old. 

But why not a helical groove on a flat disk, as 
suggested by other experimenters. A simple adapta- 
tion of mechanism would seem to do it. Then the 
resistance and strength of the groove matter not, as 
it would only be an intermediary to an electrotype, 
or copper shell, and so on to the ‘‘mud’’ record we 
are all familiar with. 

We now have a groove that can be traced by the 
ordinary disk reproducing apparatus (specially 
adapted) and a needle used in the same old way. If 
the walls of this photographic, chemically-cut track 
are strong enough to withstand for any length of 
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time the violent bombardment of a needle, the appar- 
atus may be good—but, as Andrew Carnegie said, 
‘‘How can you expect me to answer a question that 
begins with if?”’ 

When perfected the possibilities of a photograph- 
ically produced phonograph record are beyond the 
limit of present day imagination. It will make the 
movies talk, for one thing. Probably the Kodak peo- 
ple will issue a double print paper; on the one side 
wil. be the picture, on the other a line of talk about 
the picture. 

One of our largest manufacturers of talking ma- 
chines has the plant, as far as possible, so laid out 
that it can be turned into the production of automo- 
biles. Why? Well, the limit of invention has not 
been reached, and there is always the contingency 
that autos or farm tractors may be more profitable 
some day, unless perchance the proprietors are for- 
tunate enough to control the revolutionizing device 
that may otherwise make their proud boasts of supe- 
riority fall on scoffing ears. 

Light recording is a beautiful theory—no wax to 
gouge, no lost motion, no friction. There was a long 
stretch between the tinfoil record and the record of 
to-day. Perhaps the present light recording systems 
are as crude, comparatively speaking, as was tinfoil 
in its day, but some day the present paraphernalia 
of recarding rooms may be among the antiquities in 
the Metropolitan Museum. 


CHAPTER XVII 


SouND CHAMBER 


HE phrase ‘‘sound chamber’’ is used because 
nowadays in the trade it is strictly proper to so 
designate a horn carefully concealed within the 

interior of a talking machine cabinet. In reality ‘‘sound 
chamber’’ is a stylish name for an enclosed trumpet; 
it is not perched on the rear end of a box as in the 
early days, but is invisibly placed so the fastidious 
eye may not be offended by its ungainly appearance. 
lt cannot be dispensed with; at least no invention has 
sulliciently matured to take its necessary place in the 
equipment of a disk phonograph. 

in recording it has been seen how a trumpet may 
focus sound waves; in reproducing we shall see the 
former function reversed, wherein the opposite proc- 
ess takes place and a diffusion of previously concen- 
trated sound waves is the result. 

A feature of extreme importance is a smooth sur- 
face along which the sound waves may glide. Any 
roughness, even minute and invisible, has a tendency 
to partially destroy the tone quality and volume, 
therefore a varnished and highly polished surface is 
very desirable. 

Theoretically too many turns or angles in a horn 
are detrimental, but exact experiments prove that 
one or two bends, and many bends if carefully 
worked out, actually improve the tonal quality. The 
reproduced tone appears to have more body and 
character if it scurries around a bend, whereas the 
straight horn is apt to be unsatisfactory, as it per- 
mits a greater diffusion of mechanical noises, caused 
by the friction of the stylus grinding its way along 
the record track. A very long horn, on the other 
hand, does not so readily transmit record surface 
noise, due no doubt to the fact that a series of sounds 
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in harmony are stronger than mere noise waves, 
which are weakened by the longer continued contact 
with the horn surface. 

To summarize the arguments for and against the 
metal and the wooden horn. A heavy metal horn re- 
ceives the percussion of the small sound waves sent 
out by the sound box, and as they bounce along its 
smooth surface are intensified without being mingled 
with overtones that do not emanate from the sound 
box. The metal must be sufficiently heavy so it will 
not respond to any tone that is gliding along its 
tapering inner surface. The devotees of the wooden 
sound chamber are many and their voice carries con- 
viction. A predominance of nasal overtones is char- 
acteristic of reproduced music. When these metallic 
tones are impinged against the wooden chamber they 
are partly absorbed and lost to hearing by reflection 
and refraction. Wood is unquestionably the most 
resonant material known—it responds in sympathy 
to musical tones and adds its own pleasing overtones. 

A wooden horn may partly absorb the unpleasant 
nasal tones and emphasize more pleasing ones, but 
it is often guilty of ‘‘tubbiness’’— a tone not unlike 
that received by speaking into a barrel—and some- 
times referred to as a ‘‘woody’’ sound. This feature 
is characteristic of soft speaking sound boxes, which 
do not throw out their vibrations with sufficient in- 
tensity—they lack vitality. Soft tones of a loud sound 
box are also weakened by a wooden horn, it is claimed. 

_ Tf the mouth of the horn is attached to the cabinet 
frame it must be rigid; space or looseness between 
the edges of the horn and its mooring will set up 
blast or rattle. Some makers fasten the horn se- 
curely; others do likewise, but interpose a suitable 
insulating material like felt. Some makers so hang 
the horn that it is free swinging, as in the Edison, or 
is suspended and held without its edges touching the 
cabinet at its mouth; both are excellent from an 
acoustical standpoint. 


CHAPTER XVIII 
AUTOMATIC STOP 


N automatic stop that would save the painful ne- 
A cessity of straining the ears for the last bar of 
music has been a much-sought-after goal by a 
large number of inventors, but as records stop at vary- 
ing distances from the centre the problem has been ex- 
ceedingly difficult to solve. An average of two letters- 
patent during the past few years has been issued every 
month on new means to mechanically stop a record 
without mental or manual effort. The majority of the 
inventions are based on an adjustable point set at the 
last line of the record about to be played, and when the 
tone arm or sound box comes in contact with a fix- 
ture, a delicately adjusted trip arrangement releases 
the spring that drives a braking device against the 
edge of the turntable. It is not difficult to imagine 
that such means are extremely delicate and easily dis- 
ordered—they are as a class uncertain hit-and-miss af- 
fairs. Some do, however, work with a certain degree 
of uniform accuracy. 

The first Edison disk automatic stop was very sim- 
ple, as Edison disk records were made to end at one 
of two given points, and the stop was set at one or the 
other of these points in accordance with the length 
of the record groove. On the newer Edison instruments 
there is an electrically operated stop that requires no 
setting. When the diamond reaches the last line the 
lower section of the reproducer remains stationary, 
whereas the mechanism that feeds the arm across the 
record is continuing to propel the sound box, but the 
upper part only moves forward, and after a few revolu- 
tions the pin of the weight section, or lower part, comes 
into contact with the loop of the upper, closing a bat- 
tery circuit which operates a magnet releasing the 
brake and at the same time, if the motor is electrical, 
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opens the switch that controls the flow of current to 
the motor. 

‘‘Noset’’ is the new automatic start and stop device 
that requires no attention. It is adaptable to all makes 
of talking machines, and is easily applied by anybody 
in a few minutes. It works on the principle of cessa- 
tion of movement; that is, as long as the reproducing 
stylus travels the brake is disengaged. As the tone 
arm is moved in position to play a record the brake is 
by that action released, and when the sound box re- 
mains stationary over the last groove, the brake is 
automatically applied. There is no occasion to sep- 
arately start or stop an instrument so equipped—both 
functions are performed by a very simple mechanism 
that works in conjunction with the tone arm and motor. 
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Illustration No. 57 
“Noset’ Automatic Stop and Start Device 


CHAPTER XIX 


COMPRESSED AIR 


N the litigation between the Bell and Kdison 
interests we read how KEdison’s attorney en- 
deavored to prove that Dr. Chichester Bell had 

spent much of his time experimenting with jets of 
air. He admitted having made a number of ex- 
periments, and was one of the first to give the subject 
serious attention. Later the Honorable Chas. <A. 
Parsons, inventor of the steam turbine and other 
wonderful feats in engineering, patented the princi- 
ple now known as the Auxetophone. Robert L. Gib- 
son and W. N. Dennison, both of them directly or in- 
directly connected with the Victor Co., have added 
new and improved features to the Parsons instru- 
ment. Lieutenant Bettini, once so well known in the 
cylinder trade of lower New York, is reputed to be 
interested in the further development of the air-jet 
system. 

The compressed air machine does not use a sound 
box and diaphragm in the strict meaning of the words, 
although a sound box is an essential part of the 
equipment. The vibrating needle rapidly opens and 
closes a series of tiny valves. In other words, the 
vibrations carried into the sound box are being im- 
pinged against aj column of air passing through the 
sound box under a continuous pressure of about three 
pounds (or less in later improvements) to the square 
inch. The column of air takes the place of the usual 
diaphragm, although the arrangement is different. 
The air is supplied by an electric motor and air com- 
pressor situated in the bottom of the cabinet. The 
record, turntable, motor to revolve it and other fea- 
tures are substantially the same as in any instru- 
ment. The only real advantage of the compressed 
air instrument, as it is now being made, is a greater 
volume of sound. 


CHAPTER XX 


SHADED LAWNS AND LIMOUSINES 


SUALLY when a patent is assigned to one of the 
manufacturing companies it is well worth look- 
ing over extra carefully. It should, by the fact of 

its appacent commercial acceptance, contain principles 
of real merit, but not always. It may be purchased 
so as to place a brick in the path of some one else, or 
it may lose its lustre after being put into practice, 
and again it may be superseded by something better 
before the examiner has a chance to order the gold 
seal of the government to be placed upon the tail end 
of the blue ribbon. Many stumbling block patents 
are issued to the large companies. An idea in the 
course of work is seen; patent it—it may be useless, 
but it may hurt someone else. 

Foolish inventions originate in the largest labor- 
atories as well in those of the kitchen variety. How- 
ever, quite a number of excellent improvements on the 
modern talking machine came out of the kitchen, but 
the majority of those in everyday use were born 
amid the purple surroundings of the thoroughly 
equipped talking machine laboratory. 

Many an ingenious invention is not worth the 
paper it is written on, because it is not appreciated 
by those who are in a position to exploit it, but 
ninety-nine per cent. of them are worthless just be- 
cause they are. An examination of a large number 
of patents merely illustrates how an inventor may 
jump to a conclusion too quickly—does not rigidly 
investigate and consequently fails to possess a clear 
mental grasp of the subject he has attempted to im- 
prove. It is unlovely to have a dream of limousines 
and shaded lawns so ruthlessly shattered. 


CHAPTER XXI1 
CABINETS 


XPERT master-furniture finishers say that it re- 
quires twenty years to make a polisher, which 
suggests that there is more than mere design in 

a properly made phonograph cabinet. The wonderful 
hand finish of pre-machinery days is an impossibility 
under present labor conditions, except in the most ex- 
pensive styles, but chemistry and skill are solving the 
problem, and only false economy dictates a poor finish 
on anything but the very cheapest cabinet. 

Back of design and back of finish there is the care- 
fully selected wood that must be seasoned and cured; 
if not, in this climate and land of steam-heated homes, 
panels will warp and crack. One way to judge work- 
manship is by a close examination of surfaces and cor- 
ners. <A strong light on the part under scrutiny and. 
a changing of position so as to see the surface at differ- 
ent angles will reveal any pits in the surface; irregular 
surface depressions caused by careless workmanship 
and poor supervision will not be seen in the product 
of a first-class shop. Look into the corners—does the 
polish and finish extend evenly and smoothly, or do 
lumps of varnish and wax lurk in the dark places? 
Cabinet makers so conceal mitered joints that it re- 
quires an expert to find them. Are ‘the mitered joints 
noticeable? The meaning of a few period-furniture 
terms is briefly explained in the following pages. The 
illustrations selected are typical examples, but it is not 
to be assumed that they are the best of that particular 
style of cabinet—they illustrate the period and noth- 
ing else. 
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Prior to the Renaissance architecture had seen a 
gradual development through various and well-defined 
stages, which culminated in the beautiful perpendicu- 
lar Gothic, which was ecclesiastical in its inception. 
The architects of the monastery brought into being a 
style of architecture that to the minds of many is un- 
rivalled. Gothic cathedrals are predominant in Eu- 
rope and the really beautiful buildings of New York 
City are classical Gothic in prime essentials of detail. 
Gothic furniture is an adaptation of Gothic architec- 
tural designs. 

Italian ideas filtered through France snd Germany 
to England, and the Elizabethan period of furniture 
resulted from the bringing in by English merchant 
travelers of Italian and Oriental pieces of furniture 
that were accumulated in their journeys. Elizabethan 
furniture is massive and its heavy carving and panels 
lack the finesse of the Italian, but it typifies the sturdy, 
rugged age in which it was born. The sudden influx of 
wealth in the hands of the new merchant plutocracy 
created a rivalry between it and the gentry who alone, 
prior to that time, had been the exemplars of art and 
fashion in all things. Each tried to go the other one 
better, which accounts for the variety of overdone or- 
namentation in a time when true artistic development 
was in the crucible. A semi-barbaric richness that has 
in its strength and virility of character an element of 
beauty that is represented by arabasques, strap work, 
human figures, fruit and weird animals that are seem- 
ingly spread over everything without any appreciation 
of clean open spaces, is characteristic of later design- 
ers. Oak was used almost exclusively by the Eliza- 
bethan furniture makers, and oak is really the one 
wood in which strength can be best expressed. Wal- 
nut, mahogany and satinwood speak in terms of 
greater refinement. 

Another oak period is the Jacobean. Jacobean is 
another name for the Stuart period, and although the 
term may be used to cover the reigns of the various 
members of the Stuart family, Jacobean is best applied 
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to the early half of the seventeenth century, during 
the reigns of James I and Charles I of England. 
Jacobean furniture under Dutch influence turned a 
somersault from the extremes of the Elizabethan mod- 
els to those of greater severity. Its predominant char- 
acteristic is the rope-like legs with similarly turned 
cross braces, interlaced strap work, and the repetition 
of semicircles in running bands ornamented with leaf- 
age and shells. Carving was ‘‘flat,’’ that is, it did not 
protrude beyond the general surface—it was ‘‘set in,”’ 
as may be seen in the accompanying illustration. 
William and Mary is the style that came into vogue 
upon the accession of these monarchs to the throne of 
Great Britain. William was the Dutch Stadtholder, 
and his entourage was Dutch as well as the furniture 
that he continually brought over from his native land. 
The underneath bracing that twined itself in graceful 
forms from each leg to a central meeting point is the 
feature that stands out in a prominent manner. One 


Illustration No. 58 
An Adaptation of Jacobean to a Phonograph Cabinet 
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would almost believe that modern sanitary notions had 
found a foothold over two centuries ago, as every piece 
is well raised from the floor, although not for cleanly 
purposes but in order to allow the cobwebby legs and 
their braces to have a full sweep in the general design. 


LOUIS XV 


‘‘The State; it is I,’’ said le grande monarque Louis 
XV. State affairs, social life, art, decoration, in fact 
everything in French life during the long reigns of 
Louis XIV and his great-grand-son and successor. was 
dominated by the personality of the two men who occu- 
pied the throne of France between 1643 and 1774. The 
former wielded the autocratic sceptre by virtue of a fine 
intellect, but the latter, unkind people say, was ruled 
by the fair ladies of the court. The king was the 
puppet in whose name all things were ordered by the 
boudoir cabinet. In the realm of interior decoration 
the wishes of the favorites were translated into form 
and color by the master artists of the day, ostensibly 
for the king, but the furniture of the Louvre and the 
Tuileries was fashioned, carved and finished to please 
the eye of the reigning court beauty, by men whose 
illustrious names are overshadowed by that of a mere 
king. 

The designs of the artists who worked for Louis 
XIV were more severe and grand than those of a later 
date, but design and craftsmanship had been cultivated 
and developed into an original school of thought that 
swept all barriers of convention aside and brought 
forth a period of ingenious conceptions under Louis 
XV. James Aurale Messonier, painter, sculptor, archi- 
tect and designer to the King’s Chamber and Cabinets, 
according to his official title, was the master mind of 
the wealth of carving expressed in a maze of twists, 
undulations and bulbous curves. The outstanding fea- 
ture of Louis Quinze furniture is the apparent dread 
of straight lines and a lack of symmetry. As the de- 
signers of the day strove to please ladies of tempera- 
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ment, intellectuality and a romantic spirit, it is not sur- 
prising that the furniture period of Louis XV assumed 
a semi-oriental air of luxurious extravagance. The 
ery of the day was ‘‘Back to nature.’’ Fruits, flowers 
and leaves, skillfully blended with a devotion to the 
form divine, were the prevailing motif of Messonier 
and his followers. 

What is known today as Louis XV furniture is 
stripped of ultra sensual curves; instead, there has 
been developed a modified form with strong, graceful 
carving suitable for manufacture by machinery, but 
retaining the original outlines that pleased the gay 
retinue of a merry monarch. A Louis XV cabinet can 
be fitted into a music room as an odd piece. By the 
exercise of good judgment it will enhance the artistic 
effect of an interior scheme, even though it may be the 
only piece of furniture in that period. 


LOUIS XVI 


This period of furniture might more appropriately 
be styled a late Louis XV; it came into vogue during 
the declining years of his unusually long reign, when 
the court was under the influence of Madame Pompa- 
dour. Satiated with the saucy extravagance and affec- 
tation of the furniture that surrounded her, this 
woman, whose mind was more austere than the usual 
mind of her type, sent artists to Italy in 1760, and the 
studies they made among the excavated ruins of Pom- 
peii and Herculaneum were instrumental in bringing 
about a greater degree of simplicity. In fact sim- 
plicity is the keynote of Louis XVI furniture, as were 
originality and riotous curves of the former period. 

When Louis XVI came to the throne his name was 
given to a refined and dainty style of interior decora- 
tion. Beautifully grained elliptical panels survounded 
by a carved bow of ribbon with streaming ends, longi- 
tudinal and spiral fluting, a quiet dignity of lines, 
dainty beading, cone panels and simple carvings are 
the characteristic features of Louis XVI furniture, 
used with artistic effect. 


CABINETS 121 


As this is the day of odd pieces, Louis XVI sug- 
gests an admirable selection that will fit in gracefully 
with other furniture that also has dainty lines, and 
it likewise makes a pleasing contrast with Louis XV 
or other periods with bulging lines. 


Illustration No, 59 
Louis XVI Phonograph Cabinet 
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Illustration No, 60 


A Study in Chinese Chippendale 
SHIPPENDALE 


Thomas Chippendale, who died in 1779, was in the 
forefront of celebrated English cabinet designers and 
makers of the late Georgian period. He was an artist 
and a successful man of business, and no dreamer like 
his celebrated compeer, Thomas Sheraton. His eab- 
inet-making shop was inherited from his father, and 
through the son’s rare power of artistic adaptation and 
business ability was much extended while under his 
management. 

We moderns refer to French Chippendale and Chi- 
nese Chippendale furniture as two separate styles, and 
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with strict justification. His French ideas, character- 
ized by the bulging carved legs, were borrowed from 
the ideas of the Louis XV designers, but given a true 
Chippendale finality of design. Chinese fretwork had 
reached the capitals of Europe and the French design- 
ers were not loth to pillage from it, and neither was 
Chippendale. 

Chippendale is best known by his characteristic 
fretwork panels—no designer equaled him in the deli- 
cate use of the Chinese fret and lattice traceries. He 
also adopted from the Gothic designs, and by borrow- 
ing here and there, aided by his facile artistic judg- 
ment, he created a period that has borne his name 
and will no doubt continue to for more centuries yet to 
arrive. 


Illustration No, 61 
Late Queen Anne, Showing French Influence 


QUEEN ANNE 


queen Anne is a style that began before the reign 
of that lady; it was the result of a French influence 
passing to England by way of Holand. The Jacobean 
designers avoided curves, except in carving, while the 
William and Mary styles show an approach to the 
curvilinear in uprights and cross sections. Queen 
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Anne furniture, which extended into the reign of the 
first George, saw the beginning of the cabriole leg. 
Curved tops, claw-and-ball feet and carving were now 
added to the legs of chairs and tables. Walnut trees 
planted in the reign of Elizabeth had now come to ma- 
turity and the wood was also imported from other 
lands. Most of the original Queen Anne furniture 
now in existence is made from walnut, although oak, 
beech and chestnut were largely used. 

In William and Mary and Queen Anne styles the 
light Dutch marquetry designs were much used; leaves, 
birds and blossoms were the usual motifs. One 
can see the gradual evolution from the massive oak 
panels to the straight severity of the Jacobean, and 
then to dainty scrolls, curves, light carvings and color 
found in marquetry veneers. The Queen Anne period, 
which was in vogue for the better part of a century, 
saw in itself the transition from huge and strong con- 
ceptions to the lighter elegance of Chippendale, Shera- 
ton and Adams, who followed later. 
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SHERATON 


Thomas Sheraton, who was born in 1751 and died 
in 1806, shares with Chippendale a fame in English 
and American cabinet circles that increases with time. 
Although his genius was less sane and less balanced 
than that of Chippendale, the lightness, grace and deli- 
cacy of the gently tapering lines, inlaid with satin- 
wood and other rare products of the forest, lend to 
the name Sheraton a charm that is undeniably fasci- 
nating to the lover of grace and symmetry in furniture. 
‘““A myriad minded man,’’ bred to the furniture art, 
he was also a theologian, a student of astronomy and 
botany, an author, publisher and teacher of drawing. 
In the memoirs of Adam Black, the celebrated Glas- 
gow publisher, we find a reference to a dinner at the 
Sheraton home, in which the utmost poverty was mani- 
fest on every hand. ‘‘I believe,’’ wrote Black, ‘‘his 
abilities and resources are his ruin in this respect—by 
attempting to do everything he does nothing.’’ His 
furniture designs brought him fame only—he lived 
and died in poverty. His friendships were few, as his 
manner was austere and forbidding; he gloried in his 
own achievements and often belittled the work of 
others. 

The word Sheraton, as now applied to fine furni- 
ture, covers only a small portion of his many and 
varied designs. He wasted time in a riot of sphinxes, 
lions and weird beasts, and the majority of his concep- 
tions were extremely grotesque; but the lightness and 
symmetry of those specimens that are imperishable, 
enriched by a wealth of delicate inlay and carvings in 
low relief, and the delightful severity of his balanced 
forms, assure Thomas Sheraton a position as one of 
the master designers of elegant furniture. His splen- 
did achievements are only excelled by those of the 
later French school during the last days of Louis XV. 

Many furniture forms that pass as those of Shera- 
ton are really the work of Thomas Shearer and George 
Heppelwhite, as their designs in a general way have 
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much in common. They were of the same Georgian pe- 
riod and were under the same influences in English 
art and life, which in turn were partly dominated by 
the French school of architecture and interior decora- 
tion. 

The modern Sheraton is denoted by slender, grace- 
ful lines, free from fancy frills, and inlaid with satin- 
wood, boxwood or other suitable woods either in wide 
or narrow bands. Some designers add marquetry 
effects that are very charming when laid out in proper 
balance. Sheraton is a style that lends itself chiefly 
to mahogany. American taste refuses to recognize 
it as being in good form when made in oak, although 
oak Sheraton is popular in England. Celluloid is often 
substituted for boxwood inlay, but not in first-class 
talking machine cabinets, although it is to he found 
in some that are supposed to be of the finest workman- 
ship and material. 


ADAMS 


The brothers, Robert and James Adam, were the 
sons of a celebrated Scotch architect. Robert is the one 
to whom the most credit is due. He was a cultured 
and traveled gentleman, possessed of a pleasing person- 
ality, and a faculty of combining in one nature an ar- 
tistic temperament with a keen commercial instinct. 
Unlike his celebrated contemporaries, he was not born 
in obscurity, nor did fortune deny him a hearing. He 
is best known as an architect, and one may see his in; 
fluence and work in London, Glasgow and other 
cities of Great Britain. He was the architect and 
builder of the first office building in London, the Adel- 
phi, which was a commercial failure, but he is credited 
with having reaped a substantial profit from the trans- 
action without staining his moral reputation. 

He was born in 1728 and died in 1792. He was ac- 
corded every opportunity to pursue his studies at home 
and abroad. A clever adapter of classical styles such 
as he found in Venice and especially among the ruins 
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of Pompeii and Herculaneum, he introduced a new 
complete home, from the foundation to the figure on 
the counterpanes. His furniture was the result of an 
ambition to impress his individuality upon every part 
of a residence or public building. 

The characteristic of his furniture designing that 
remains is a classical severity exemplified by the typi- 
cal Adam oval, and delicately carved honeysuckle 
pendants, ribbons, and well balanced open spaces. The 
Adam. fluting, combined with the diminishing honey- 
suckle leaf carving, and sanded or carved ovals are the 
principal features that distinguish the Adams period, 
as copied and adopted by the designers of today. 


EMPIRE 


The Kmpire period is that developed in France 
during the reign of the first Napoleon. There is noth- 
ing particularly distinctive about this design, which is 
characterized by undulating front effects with an adap- 
tation of various other early periods. In its original 
style it was embellished with much carving. 


COLONIAL 


The so-called Colonial period is in fact a misnomer. 
Strictly speaking, during the Colonial days the furni- 
ture in use was patterned after the great English mas- 
ters, much of it having been imported. Many fine 
examples are still in existence. Colonial furniture in 
present day usage means a flat surface, sinuous front 
on corner uprights—very similar but without the ex- 
treme ornamentation of Empire which it followed. 
Colonial furniture was originated during the early part 
of the last century. The Southern Colonial is charac- 
terized by fluted, tapering pedestals and uprights, the 
latter usually surmounted by carved pineapples. Co- 
lonial style is not well adapted for use in standard 
phonograph cabinets. 
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VERNIS-MARTIN 


Vernis-Martin is descriptive of a style of painted 
furniture which was in vogue during the reigns of 
Louis XV and XVI. Vernis is a French word meaning 
lacquer, or varnish, and was developed by a man named 
Martin. The origination of a transparent, durable lac- 
quer enabled artists to paint pictures on panels and 
other parts of furniture, as Martin’s varnish would 
preserve their work. 


CHAPTER XXII 
Sprinc Moror 


HE electric motor talking machine is in the in- 
fancy of its development; in fact it is only 
within a very short time that a disk machine 

could be purchased with one. As a result the spring 
motor is the almost universal means of rotating a 
turntable. 


The spring motor of the disk talking machine is 
a development of the comparatively small clock-work 
motors of Swiss and German manufacture, found in 
the tinkling music boxes that were so popular as toys 
in years gone by. 

A medium size so-called spur gear motor is illus- 
trated; it will play three ten inch or two twelve inch 
records to one winding, and is a fair sample of a me- 
dium sized spur gear motor, with a worm driven goy- 
ernor. Many ineded are the varieties of spur and bevel 
gear motors now being manufactured in the United 
States. A few years ago only a few were made in this 
country, but the great impetus given to the business 
resulting from the expiration of patents, and the Great 
War which shut the door to German importations, in- 
duced many engineers to enter the field. Some Amer- 
ican and Swiss motor makers have developed the prime 
essential—precision—to a high degree. Manufacturers 
are far from satisfied with spring motor performance, 
and all are striving to secure a more satisfactory means 
of propelling the turntable. As harmony depends upon 
an exact number of vibrations being sent forth in a 
given time, a perfect motor is a necessary part of a 
good phonograph. Until a more satisfactory solution 
arrives we will confine a discussion of the subject to 
the requirements of a spring motor as made today and 
a mention of a few of its details. 
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What are the prime qualifications of a spring 
motor? First, it must be free from noise while run- 
ning; the only sound that may be deemed proper is 
a very slight whirr of the governor balls. This whirr 
should be perceptible only when the ear is placed close 
to it and should not be heard outside the cabinet. 

Second, the speed must be uniform; if the speed 
regulator is set for 78 revolutions per minute, the turn- 
table must rotate 78 times per minute and not oscillate 
between 77 and 80 or worse. 

Third, in the very smallest machine there should 
be sufficient motive power to play through a ten-inch 
record. In those a little larger, at least 2, 4 or 4 ten-inch 
record capacity is desirable and in the better-class cab- 
inet instruments 5 or more twelve-inch records at one 
winding is usually the capacity of the motor. 

To accomplish these three qualifications a spring 
motor must have considerable power, especially in a 
long running motor; some of them will play over 
twenty minutes without rewinding. To speak in engi- 
neering terms, the springs must possess sufficient 
power to overcome the inertia and friction of the 
mechanism and then be equal to 30 foot-pounds per 
minute, which means the motor shall be strong enough 
to lift thirty pounds one foot in a minute. If the 
motor runs twenty minutes it will have put forth, an 
effort equal to lifting 30 lbs. 20 feet. A comparatively 
heavy spring is required, but two or three springs are 
preferable to a single one of the same capacity. 

Silence and true running are the results of accurate 
designing, skillful machine-shop work, careful inspec- 
tion of parts and expert assembly of the parts into the 
final unit. A hurried job cannot be serviceable. An 
excellent idea of the necessity of good tools and work- 
manship will be gained by reading the part devoted 
to a detailed description of the spring motor gover- 
nor. Although the other parts do not require the same 
nicety of adjustment as a governor, a manufacturer 
cannot permit the gears and bearings to be very far 
from ‘‘dead’’ accurate. 


SPRING MOTOR a 


A spring motor at its best is a very poor means 
of propulsion, largely because the driving element is a 
coiled steel spring. Manufacturers of steel springs 
cannot guarantee an absolutely uniform temper, nor 
can they maintain a uniform thickness throughout the 
entire length of the strip. Even though the thickness 
may vary less than one-thousandth of an inch, which 
is exceedingly small, nevertheless a ‘‘high spot’? may 
be the result. What is a ‘‘high spot?’’? The twenty- 
odd feet of steel is tightly coiled up into a very com- 
pact mass; it is tugging at its fetters to be released, 
and when allowed to unwind the gears go around 
following its direction, but if the graphite and oil 
that is thoroughly distributed through the spring be- 
comes worn off on this ‘‘high spot,’’ pushing the lubri- 
cant away, the bare metal will stick together until the 
pressure becomes so strong it is forced to let go. Then 
what happens? A loud, noisy ‘‘spring jump,’’ that 
often rattles and shakes the furniture in a room, al- 
though it is usually not so extremely violent, but 
nevertheless always annoying. Other difficulties occur, 
such as the spring being too narrow or too wide for its 
holding cup, twisted or bent ends where they are fast- 
ened one to the spindle and the other to the spring cup, 
or these ends may become unfastened; poor handling 
and insufficient lubrication are contributing causes of 
spring trouble. 

A single spring motor is not so productive of jump- 
ing; a feature more characteristic of double or triple 
springs. Ina double or triple spring motor, to a certain 
extent, only one spring at a time is in use and when 
the second or the third spring is required to perform 
its work by the running down of the previous spring, 
then, at that time, there is a strong possibility of the 
second or third spring going into action with a jump. 

The best advice regarding an unruly talking ma- 
chine motor, if it is purchased through a dealer and 
within six months, is to tell him the motor is wrong, 
to please come and take it away and return it properly 
adjusted. Don’t expect him, however, to replace free 
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of charge a broken spring; that is unfair. A spring 
may break after ten windings and may last ten thou- 
sand times. Anything else wrong, not resulting from 
your carelessness or that of little Willie’s hammer, 
should be repaired by the dealer without cost any time 
within six months from date of sale. 


A dealer should inspect every instrument before 
delivery, but if it is delivered in a packing case you 
are in the same position as the dealer. Every screw 
should be examined to see if it is tight; they often 
work loose. All packing material must be removed; 
vaseline or oil that may have been put on the motor, 
or other metal parts, to prevent rust, carefully wiped 
off with a clean rag, and all bearings, gear teeth and 
governor leather oiled, as instructed in the book that 
goes out with every talking machine. A talking ma- 
chine motor is seemingly less delicate than a watch, 
yet having a combination of heavy parts and frail 
sections, like the spring cups and the governor, it is 
not a good traveler; parts will work out of adjust- 
ment during the rough, circuitous trip from the fac- 
tory to your home. Remember, it is quite within the 
realm of probability the instrument delivered has 
been standing in a storehouse for some time.  Dis- 
tributors and dealers are compelled to anticipate 
their wants ahead of time. It has received the usual 
abuse given all merchandise by the freight handler, 
so do not expect it to unpack and be perfect—as 
though some careful chap had taken it from the fac- 
tory testing-room and immediately carried it to your 
parlor. Dried oil gums metal bearings; put fresh 
lubricant on every working part that bears against 
another. 


Again, remember, the new phonograph is new; it 
has not ‘‘found itself’’ at the very start. Every mech- 
anism, whether it be the. massive equipment of an 
ocean liner, the delicate mechanism of a watch, or a 
spring motor is hetter after a little use. Often a knock- 
ing sound or other noise will disappear when minute 
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points of uneveness become worn down, oil becomes 
better distributed and the mechanism, if properly 
made, ‘‘finds’’ itself only after a few trips. Often a 
knock caused by friction in the main spring will soon 
disappear after use. 


Illustration No. 62 
Single Spring Double Worm Motor 
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A simple type of worm motor is illustrated on page 
133. Two wheel gears and two helical gears or 
worms, .constitute the gearing of the mechanism that 
actuates the turntable; 1 is the main gear, rigidly at- 
tached to the spring cup, which meshes into 3 the 
spindle, on the surface of which is cut a helical gear. 
Fastened to the same spindle is 4, the fibre gear which 
meshes into 5, another helical gear, to which is at- 
tached the governor. A larger frame may be used 
and one or two more springs added, but in the worm 
driven type the gearing is substantially the same in a 
triple spring as it is in the single. A seemingly simple 
motor with few gears, but the manufacturing require- 
ments that satisfactorily make such a motor are very 
severe. ‘ 

The ratio of gearing at the winding section is all 
important so as to secure a smooth easy winding with- 
out noise and with the least resistance. A hardened 
double ratchet at No. 2 is most advisable, while some 
add a flat spring coiled around the winding-spindle— 
coiled in the opposite direction to the winding—if the 
ratchet slips the spring binds the spindle. 


Illustration No. 63 
Spur Gear Spring Motor with Worm Driven Governor 
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The governor is the most prolific trouble breeder, 
and a carefully illustrated and detailed description of 
the little fellow is given so his idiosyncrasies may be 
studied and his practical pranks corrected before they 
become a worn habit. 


C= 


Illustration No. 64 
Diagram of Three Ball Worm Driven Governor 


1. End bearing. This small bearing end must be 
hardened and accurately ground and held so true that 
its diameter will never vary more than .00025 of an 
inch. The collar, or bearing in which it turns, must 
be equally true and should be either hardened steel or 
bronze. 

A perfectly true end bearing is difficult to attain 
under ordinary manufacturing conditions. It must 
be hardened, and if extraordinary means are not used 
a considerable percentage is put out of true when 
passed through the air between the furnace and the 
hardening compound. A patent method of passing 
them from furnace to hardening compound without ex- 
posure to atmospheric influence is used and only a 
small number fail to pass inspection when so treated. 

2. Governor gear. This is rigidly attached to the 
main spindle in the worm gear motor, or to a pinion 
spindle in a spur gear motor. It is generally made 
of fibre, and a very high grade of that material. Egypt 
grows a long fibre cotton, some of which is spun and 
woven into garments for the North African tribes. 
When worn out and filled with greasy perspiration 
these rags are collected and sent to America to be 
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ground into a pulp that is chemically and mechanic- 
ally treated so as to form it into the fibre of commercial 
usage in making gear wheels. The filthiest and most 
foully sweated rags make the toughest fibre. Although 
tough, a fibre gear wheel meshes into the helical worm 
so quietly it cannot be heard, hence because of this 
qualification it is used to make governor gears. It 
must be cut true to gauge, be accurately centred and 
the teeth smooth and free from raggedness. If untrue 
it engages unequally, and the motor will run unevenly; 
a wobbly or poorly-cut fibre gear pressing softly 
against the edge now, and then coming up tight with 
added resistance on the next partial turn, means a bad 
motor. 


Fibre gears are occasionally shrouded by two brass 
plates—one on each side to prevent warping. 


3. Governor worm. <A helical gear which is cut into 
a section of the spindle to which the greater part of 
the governing mechanism is attached. The depth, 
width and pitch of the spiral must be in accord with 
the cut of the governor gear (No. 2). This spindle 
with the other parts on it revolve in the neighborhood 
of 1100 revolutions per minute, varying in different 
motors and according to the speed of the turntable. 
The spiral gear must be accurately made on preferably 
a superior hobber or worm miller; the cutter must be 
ground to the thousandth of an inch, carefully set up in 
right position, and after the spindle is taken from the 
machine, the end-bearings are trued, then hardened, 
ground, nickel-plated and polished. 


4. Governor disk. The friction leather disk (No. 
9) sets the position of the governor disk, which in a 
measure is a diminutive flywheel. As soon as the 
power is released the metal balls (No. 6a) begin to re- 
volve and centrifugal force throws them outward and 
away from the spindle to which they are attached in- 
directly by means of the thin flat springs (No. 6b). It 
will be seen as the governor springs (No. 6b) expand 
the governor disk, with its attached collar (No. 7), 
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must necessarily be drawn toward them. The governor 
springs are very sensitive and the centrifugal force of 
the revolving governor balls carries the governor disk 
as far as the friction leather (No. 9) will permit. The 
farther toward the balls the friction leather allows the 
governcr disk to go the wider the balls spread apart 
and the less resistance and the faster the motor is per- 
mitted to run. The arm (No. 10) is actuated from a 
position near the turntable, the speed regulator. Force 
‘the governor disk by means of the lever (No. 10) away 
from the balls, the curve of the balls and attached 
springs is flattened, the resistance increased and the 
speed of the motor reduced. The governor disk must 
be true in every respect; the slightest wobble causes 
a fluctuating speed and its correlative a poor repro- 
duction. 

Governor disks are made of steel, brass or die- 
casting. Whatever material they may be made from 
accuracy is absolutely essential. 


5. Fixed governor collar. One end of the governor 
springs is attached to the loose collar (No. 7) and the 
other end is affixed to the fixed collar. This fixed brass 
piece is screwed to the governor spindle and revolves 
with it. See that all screws leading into this are tight. ~ 


6a. Governor balls. Usually three, although some 
makers use two and others four, but a set of three has 
been found to be the most satisfactory. Many motor 
makes use cast-lead balls with a threaded-brass set cast 
into the flat side to receive the screw which attaches 
it to the governor springs. Molded lead is apt to be 
pitty and full of air holes; when so they are not uni- 
form. Accurate and carefully turned stecl balls are 
preferable. The three balls must weight exactly the 
same to the smallest fraction of an ounce. Why? They 
constitute a fly-wheel for the purpose of securing an 
unvarying number of revolutions per minute. If un- 
equal, the fly-wheel is on an eccentric; it is off true 
and runs at a jerky, uneven speed. The balls must be 
equidistant from each other for the same reason. 
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' Governor balls are also made of cut brass. There 
is also a tendency of late to employ die-cast balls— 
seemingly these should be very satisfactory as a prop- 
erly molded die-casting possesses the chief requirement 
which is uniformity. If, however, the foundry is un- 
able to overcome air-holes such a method would not 
answer. 

6b. Governor springs. Long and thin enough to 
gradually expand under the centrifugal force of the 
revolving balls, but the are so formed is limited by the 
position of the governor disk and the speed is thereby 
held to a uniform number of revolutions per minute, if 
all parts are balanced, bearings are smooth, true and 
accurate and all adjustments are correct. 

Some motor makers so arrange the distance be- 
tween the ends of their governor springs that when 
not in use they lie flat. That is a mistake—they should 
be slightly bowed so as to allow a quicker expansion 
when called into action. A loss in starting through 
initial inertia is the result of springs flat when at rest. 

7. Governor collar. To this is attached the gover- 
nor disk (No. 4) and one end of the governor springs 
(No. 6b). The combination is free to slide back and 
forth along the governor spindle, so as to permit the 
radius of the governor balls (No. 6a) to be contracted 
or expanded, and the speed of the motor corresponding- 
ly regulated. See that the small screws holding the 
springs to the collars (Nos. 5 and 7) are as tight as a 
serew-driver will make them. Loose collar screws 
mean a noisy uneven governor and a noisy, uneven 
reproduction. 

8. Thrust end bearing. Runs into a hardened and 
ground steel bearing (or bronze), usually the same size 
as bearing No. 1. At the end of the governor spindle 
in the bearing rests a hardened steel ball; a means of 
minimizing friction. Beyond the steel ball bearing is 
an adjustable thrust plate, which receives the push of 
the ball, as the governor gear (No. 2) has a tendency to 
press the spindle in that direction. 

9. Leather friction disk. The function of this has 
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been given under the governor disk (No. 4). It should 
be slightly pointed and kept soft with a light lubricant, 
but not saturated with oil. In time it becomes hard- 
ened and should then be replaced with a new one. 

Some motor makers use felt instead of leather as 
the material out of which the friction disk is made; 
either leather or felt is equally satisfactory. 

10. Speed-regulator arm. To this is attached at 
the lower end the friction leather, and it extends di- 
rectly or indirectly from the speed regulator dial. 

11. Set screw that holds fixed collar (No. 5) to the 
shaft. This must be as small as possible, as the larger 
it is the greater the eccentric it sets up. In the draw- 
ing it is enlarged beyond actual size for emphasis. 


CHAPTER XXIV 
MusicaL INSTRUMENTS 


The voice has been for all time the one supreme 
musical instrument, but gradually one artificial instru- 
ment after another has been added until today a cata- 
log of the many varieties would fill a large volume. 
The development of instrumental music through the 
various ages, from the dark days of old, is an interest- 
ing and fascinating study, but cannot be a part of this 
volume, and we shall have to be satisfied with a slight 
examination of the principal ones in use. In fact, the 
sole purpose of this section is to acquaint the reader 
with most of the instruments mentioned in the various 
record catalogs, so as to be a handy reference at all 
times. We all know the violin by sight, but how few 
can tell what an ocarina looks like, much less have a 
knowledge of its general structural and tonal effects. 
The oboe may have a peculiar charm, but that charm 
is more than slightly enhanced when there is no won- 
derment as what it really is, how it appears in form, 
and the fundamental features of its range and quality. 
To have a ready answer for such questions the follow- 
ing pages will be a limited catalog. 

The VIOLIN, Illustration No. 67, is to the ma- 
jority of music lovers the one instrument supreme 
above all others. It is rich in overtones and its con- 
struction allows the performer an absolute command 
over the tone he produces. Its normal range is about 
three and one-half octaves, which may be somewhat in- 
creased by the use of harmonies, which are produced by 
merely touching the string at nodal points and not 
pressing it down. It has four strings, the three upper of 
plain catgut and the lowest wound with fine wire. Vi- 
brations induced by the scraping of the rosined horse- 
hairs of the bow are communicated by molecular trans- 
mission through the bridge to the body of the instru- 
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ment. The wood is a resonator, but the air inside also 
serves the same purpose—one aids and amplifies the 
other. Many conditions contribute to the quality of 
the violin tone. A pure tone is caused by drawing the 
bow straight across the string. In light passages the 
bow is held obliquely, so that only the hairs of the 


— Mlustration No. 65 Ullustration No, 66 Illustration No. 67 
Double Bass Viol. Violincello Vioha and Bow 


edge touch the strings, while in strong passages the 
tone is increased by allowing more of the hairs to 
bear upon them. The speed and pressure of the bow 
and its location on the string are important factors. 
Bowing near the bridge gives out brilliant overtones, 
and the quality grows softer and flute-like as the bow 
approaches the finger-board. Single tones are made 
possible by the rounded form of the bridge, although 
all four strings can be sounded at one time. Won- 
derful and varied effects may be secured on this facile 
instrument in the hands of a skillful player, such as the 
tremolo, or the shivering of the bow on the strings, 
saltando or jumping bow. In what is known as pizzi- 
eato the violinist plucks the strings with his fingers. 
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A notched piece of metal may be placed on the bridge, 
which dampens the intensity of the vibrations, and a 
soft, modulated tone is the result. 

The skill of the player is one factor, but the quality 
of the instrument is another. A good player cannot 
secure results from a poor instrument. Violin making 
is an art possessed by the very few. Of all violin mak- 
ers Antonio Stradivari is the most renowned. The vio- 
lins produced by him two hundred years ago in the 
quaint Italian city of Cremona are renowned above 
all others. There is a pretty story told anent the 
science and skill developed by Antonio. He is re- 
puted to have selected his wood from the side of bab- 
bling brooks, because the more wood is vibrated the 
greater its resonance, and the rippling water unceas- 
ingly carries a soft whisper to the wood. That is true 
of seasoned and treated wood, but we know of no one 
who has endeavored to prove the theory that the same 
effect arises in growing timber. lt is a pretty story. 
nevertheless, and there are those whose knowledge of 
resonance in wood qualifies them to offer an opinion, 
and who believe Antonio may have been right. 

Virtually everything regarding the violin applies 
to the other members of the violin family—the first and 
second violins—as the tone descends to the viola, vio- 
loncello and double basses. Hach of these instruments 
has four strings, except that some double basses have 
but three. Notes for the double bass are written an oc- 
tave higher than they are played. 

The violin and violoncello are much employed in 
recording in solos with other instruments of the or- 
chestra and in special combinations, such as violin, 
’cello and harp or piano, violin and flute, and many 
others. The violins are the leading members of the 
orchestra. 

The relation of the viola to the violin is that of 
alto to soprano. The tones of its thicker strings are full 
and penetrating; while its range is three octaves, the 
high tones are seldom used. Only rarely is it al- 
lowed to play alone, although it occasionally renders 
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individual passages with expression. The ’cello is a 
distinguished solo instrument, aud its deep, melodic 
tones, rich and strong, are very impressive. 

The GUITAR (Illustration No. 69) is a weak-toned 
staccato instrument used in solos and accompanied 
with the mandolin and in various combinations, espe- 
cially in the dance music that was so popular during 
the last few years. It has six strings, the three upper 
of catgut and the three lower silk wound with wire, 
which are plucked either by the fingers or plectrum. 


Illustration No, 68 Illustration No. 69 Illustration Nos 70 
Mandolin Guitar Banjo 


The MANDOLIN has eight strings, tuned in uni- 
son pairs. A plectrum of horn or tortoise shell, held 
in the right hand, vibrates the strings. Bright upper 
partials give its tone a slightly nasal effect, although 
its tone is light and blithesome in character. oF 

The BANJO (Illustration No. 70) is another 
plucked string instrument. Its body consists .of a 
single piece of vellum stretched like a drum-head over 
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a wooden or metal hoop to insure resonance. It is 
usually plucked with a highly polished tortoise shell 
plectrum and the tone is louder and harder than that 
from a guitar. The Banjo is very popular with the 
American negroes. In recording many special bodies 
have been made to improve its reproduction. 

The HARP is the most important member of the 
plucked-string group of instruments. Its lineage is 
ancient and honorable. A favorite instrument among 
the Hebrews, Egyptians and Romans, it became popu- 


Tllustration No, 71 Illustration No. 72 
Harp (Lyon & Healy) Ukulele 


lar in all civilized lands,—especially so in the ‘‘Kver- 
Green Isle.’? Its wide range of six and one-half oc- 
taves, rendering throughout its entire compass an ex- 
tremely tender, ethereal expression, places it in the 
fore-front of stringed instruments. Recognized as such 
by Listz, Meyerbeer and other composers, it is provided 
for in many celebrated scores. Owing to the high cost 
of a good harp, and tuning difficulties, it became large- 
ly supplanted in amateur circles by the piano, but the 
harp is returning to favor and the number of its stu- 
dents is increasing every day. 
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The UKULELE is a product of the Hawaiian Is 
lands and the genuine Ukulele sound chamber is made 
of koa wood. It is a plucked stringed instrument that 
gives forth an unusually pleasing musical effect of 
rather a weirdly fascinating kind. 

Another group of instruments in which the tones 
are produced by a vibrating air column is known as the 
wood-winds. Foremost in this family is the flute, of 
which there is a variety, but we shall refer to the con- 
cert flute only. The compass of the flute is nominally 
three octaves—a hollow pipe with one end stopped 
and an opening for the mouth to blow across, with a 
series of keys and holes between. The flautist does 
not blow directly into the mouth-piece, but obliquely 
across the opening. The flat stream of air breaks 
against the sharp outer edge of the mouth-piece. The 
air thus set in motion produces a series of vibrations 
in the columns of air inside the tube, caused by the 
alternate compression and rarefaction of the air, as 
explained in the section regarding sound waves. As 
one of the air-holes in the side is opened the column of 
air is shortened or lengthened between the mouth-piece 
and the finger-operated vent hole. Flutes are made of 
silver and gold, which produce a very delicate, liauid 
tone, but cocus-wood and ebony flutes are those used in 
ordinary orchestral music. The flute has a hollow tim- 
bre due to lack of overtones—Helmholtz claims it 
possesses only two. In the fundamental register the 
tone is inclined to be rough; in the second rather swéet, 
and in the third brilliant and bird-like. 


Illustration No, 74 Piccolo 


Tllustration No. 75 , Fife 
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The FLUTE is used with other instruments, in re- 
corded orchestral selections, and flute and whistling 
duets are very pretty. The harp, violin and flute com- 
prise a trio whose combined tones are replete with a 
sweet, tender richness seldom surpassed in instrumen- 
tal selections. 

The PICCOLO, Illustration No. 74, is a small flute, 
the highest pitched instrument of the orchestra. It is 
similar in principle and construction to the flute, but 
without the tail-piece which gives the flute a wider 
range downward. In orchestral music it has been used 
to imitate the whistling of the wind in storms, as in 
Beethoven’s Pastoral Symphony. It is recorded with 
good effect as an accompaniment to a whistler, and 
other whistling selections. 

The FIFH, Illustration No. 75, is a wood-wind sim- 
ilar in fundamental construction to the flute. Its range 
is between the concert flute and the piccolo. The 
second octave is secured by overblowing, and it is 
used most commonly with a drum. 


Illustration No. 76 Illustration No. 77 Illustration No. 78 Illustration No. 79 
Oboe Bassoon Clarionet Saxophone 


THE OBOE is next in the wood-wind family. Dif- 
fering from the flute and the piccolo, it has a conical 
bore and a double cane reed in the mouth-piece, which 
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when gently breathed against produces vibrations 
which cause the air in the main tube to vibrate. 
Again, unlike the flute, it is not held in a lateral posi- 
tion to the mouth, but parallel to the player’s body. 
Regulated in length by holes and keys similar to the 
flute, the air column renders tones of different pitches, 
forcing the flexible reed to conform to its vibrations. 
The tone of the oboe is saucy and dominant, which 
makes it suitable for expressive solo passages. 

The ENGLISH HORN is similar in shape to the 
oboe, except that it is a little larger and has a bent 
crook for a mouth-piece. Its tone is less brilliant than 
the oboe, and has a melancholy, weird character. 

The BASSOON, Illustration No. 77, is the bass of 
the wood-wind family. Its eight-foot tube is doubled 
back for the sake of convenience, so that it resembles a 
bundle of fagots, from which it derived its Italian 
name, fagoto. A brass crook connects the large double 
reed with the wooden tube. It is an instrument that re- 
quires skill and permits a wide range of expression, 
whose upper register is sweet, resembling the quality 
of the violoncello. The bassoon has been a great favor- 
ite to express beauty and originality with all the 
masters except Handel. 

The CLARIONET (Illustration No. 78), is structur- 
ally distinguished from the bassoon and oboe by a 
single reed; it has a mouth-piece at the end and is eyl- 
indrical in form rather than conical, with a bell-shaped 
end. The technique is very difficult to master because 
of the difficult fingering, which is recompensed by an 
exceptional quality, varying from dull grave to rich 
and mellow tones, thence to a reedy sweetness of the 
upper registers. 

The SAXOPHONE, Illustration No. 79, is a modern 
hybrid musical instrument, invented by Adolphe Saxe, 
having a clarinet mouth-piece with a single reed ap- 
plied to a conical brass tube. Owing to its conical 
bore, in tonal quality it differs from the clarionet and 
slightly resembles the oboe, although it has vague 
closeness to the ’cello but with a brazen tinge added. 
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It is popular in military bands, having largely super- 
seded the bassoon. Because of its shape and reed 
mouth-piece it is generally classified among wood-wind . 
instruments, although it is made of brass. 

The FRENCH HORN, or valve horn, Illustration 
No. 80, was first used in France in 1835. Horns are 
usually employed in pairs in an orchestra, half of the 
players taking the high notes and the other the lower. 
As there is considerable difficulty in adjusting the lips 
from low to high, or vice versa, players specialize in 
certain parts and thus acquire greater efficiency. The 
tones are mellow and sonorous, well adapted to lively 
passages like a hunting fanfare, but it is really more 
often used in solo melodies of a sustained character. 

The CONCERT HORN is very similar to the French 
Horn, the only real difference being in quality and vol- 
ume. The Concert Horn is manipulated by the right 
hand inside the horn. 


Illustration No. 80 
French Horn 
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The CORNET, Illustration No. 81, is one of the 
most popular brass instruments, as the technical possi- 
bilities are almost unrivaled in the brass-wind family. 
Sustained notes, diminuendo, crescendo, leaps, shakes 
and all kinds of musical figur es in any key can be exe- 
cuted on the cornet, which makes it popular as a solo 
instrument, in duets, trios and the complete band en- 
semble. Its mechanism is simple and it does not fa- 
tigue the player like many of the brass-winds do. 
Musical notes are produced on the cornet in a manner 
peculiar to the instrument, although similar to that 
necessary with the flute. By the skill of the player in 
varying the tension of the lips and pressure of the 
breath, in addition to a certain special use of the 
tongue, all the notes of the chromatic scale can be 
produced, in part by variation of the use of the breath, 
lips and tongue, and in part by the operation of the 
valves which, on being opened by depression of keys, 
lengthen the passages through which the air column 
vibrates and passes. 

The VALVE TRUMPET, Illustration No. 82, is a 
close brother of the cornet, but the arrangement 
of the mouth-piece and other differences give it a 


Tilustration No. 81 Cornet 


Illustration No. 82 Trumpet 
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greater brilliancy. It is called a valve trumpet to dis- 
tinguish it from slide and key trumpets. The louder 
tones of the trumpet possesss a ringing volume that 
easily dominates the full orchestra, while its clear, soft 
tones are used to secure distant and mystical effects. 

The TROMBONE, Illustration No. 83, is character- 
ized by the slide, consisting of two parallel tubes that 
slide one into the other without. loss of air between 
the inner surface of the one and the outer surface of 
the other. There are different sizes of trombones, but 
the tenor and bass sizes are those most used, and these 
have a full, pealing quality that makes them very suit- 
able for the heroics and expression of majestic effects. 
The trombone and cornet in duets may express majesty 
in one passage and a stirring, plaintive appeal in the 
next. 

The BRASS TUBA, Illustration No. 84, with three 
trombones frequently form a quartet that produces a 
soul-stirring combination resounding above the entire 
orchestra. The brass tuba is a mammoth instrument. 


Illustration No. 83% 
Slide Trombone 


Illustration No. 84 
Brass Tuba 
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The ACCORDION, Illustration No. 85, is a small 
reed wind instrument, with bellows of many folds, to 
which is attached a keyboard with from 5 to 50 keys, 
The keys on being depressed, while the bellows are 
in operation, open small valves admitting the wind to 
the free reeds which are made of narrow tongues of 
metal, riveted part to the upper and part to the lower 
board of the bellows. The free ends of the reeds are 
bent some inward and some outward. EKach key pro- 
duces two notes, one from the inwardly bent reed, when 
the bellows are compressed, the other from the out- 
wardly bent reed by suction when the bellows are ex- 
panded. The quality of its tone is hardly comparable 
to any instrument of excellent timbre. In the hands 
of a skillful player there is a weird, wailing effect 
which at least is something different. 
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Illustration No. 85 lilustration No. 86 
Accordion Guitar Zither 


Illustration No. 87 
Xylophone 
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The ZITHER, Illustration No. 86, is a plucked 
string instrument with from 31 to 41 strings, over a 
shallow sound chamber which has an opening in the 
centre. The tone is inclined to be slightly nasal and 
glassy. 

The XYLOPHONH, Illustration No. 87, produces a 
sweet, ringing muiscal effect that may be styled as 
having a charming dull tone. A deftness in striking 
the wooden bars, which are graduated in size and rest 
usually on a cord, is the only skill required. It is one 
of the so-called instruments of percussion—the bars 
are struck with a little wooden hammer. The com- 
pass ranges from two to three octaves. 

Among the percussion instruments is the KHTTLE 
DRUM, Illustration No. 91, which is the most musical 
of the drum family. The drum is used mainly for the 
emphasis of rhythm and for the grand finale of certain 
musical effects. | 

Other metallic instruments of percussion are the 
bells, triangle, cymbals, gongs and various pendant 
tubes. Pendant tubes are often used in the recording 
laboratory to imitate church bells. A great variety of 
odds and ends are used for various effects, of which a 
few are shown in Illustration No. 95. 

The OCARINA, Illustration No. 88, is relatively 
speaking a little known musical instrument. It is made 
in a variety of sizes for different pitch ranges, and is 
composed of a hollow odd-shaped chamber with walls 
of clay and vent-holes, as in the fife. A loud, whistling- 
like effect is the result. 


Illustration No. 88 
Ocarina 
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Illustration No. 90 
Cymbals 


Illustration No, 91 
Kettle Drums 


Tllustration No. 93 
Drum 
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Tllustration No, 92 
Spanish Castanets 


Illustration No, 94 
Tambourine 
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The development of the modern orchestra has 
shown a remarkable progress in the knowledge of how 
to most effectively combine the instruments, of the 
best proportions in which to group them, and the 
means of utilizing their individual characteristics. The 
finer detail of each instrument has also shown an ad- 
vance. Although the recorder can use many of the 
groups of smaller numbers of instruments in the most 
accepted way, still he is slightly handicapped by the 
shortcomings of the recording and reproducing instru- 
ments to which he must ever look for final results. The 
balance of the orchestra one hears in a theatre is not 
always the balance of the recording room; it must often 
be changed to suit mechanical requirements, but sel- 
dom with any loss of the true artistic appeal. 

The history of the individual musical instruments 
is very fascinating. Originating, as many of them 
did, in prehistoric days, they have seen a gradual 
evolution through the intervening centuries. Thou- 
sands of minds have given their quota of advanced 
knowledge little by little, from the primitive stringed 
instruments of the Arabians and Greeks to the full 
orchestra that sways the emotions of mankind today. 

The members of the orchestra are the product. of 
centuries. The phonograph has seen its birth and de- 
velopment in the comparatively short space of forty 
years—at once a startling contrast and a tribute to the 
inventive and artistic skill of the present era. 
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Illustration No. 95 
Drummers’ Traps 
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The definition of sound waves given in the forego- 
ing paragraphs is indeed very brief and elementary, 
as it must be in a book that is primarily devoted to 
the study of the phonograph and the phonograph rec- 
ord. The science of sound waves is contained in many 
volumes. Those who may be interested in pursuing the 
subject further will be interested in reading the simple 
and comprehensive account of sound in general, with 
particular reference to music, in the book entitled 
“Sound and Musie,’’ by J. A. Zahm (The A. C. McClurg 
Company, Chicago (1892). The recent volume by Day- 
ton Olarence Miller, entitled ‘‘Science of Musical 
Sounds”? (The MacMillan Company, New York), is spe- 
cially interesting in view of the many photographic 
studies of various sound waves contained therein. 

L. Bevier in ‘‘The Physical Review,’’ 10, 193 (1900) 
analyzed the waves of a cylinder up-and-down cut, and 
E. W. Scripture, in the ‘‘Bulletin of the Carnegie Insti- 
tute,’? Washington, D. C., No. 44 (1906) studied the 
waves of the lateral disk record in a 204 page volume. 
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Bassoon, 147 
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Blast, 102 
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Cabinets, 20, 116 

Castanets, 155 

Chinese phonograph claim, 1 

Chippendale period, 121 

Chladni, on diaphragms, 61 

Chronophone, the, 98 

Clarifiers, tone, 97 

Clarionet, 147 

Collodion, recording in, 47 

Colonial period, 127 
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arm, 9I 


Condensite, 54 
Cornet, 149 
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Cros, Charles, suggested a 
speaking machine, 4 
Cymbals, 155 


Dennison, W. N.. compressed 
air, 114; tone arm, 90 ; 
Diamond stylus, method oi 


shaping, 70 

Diaphragins, recording, 37 

Diaphragms, reproducing, 58; 
carbon, 61; cardboard, 060; 
coik, 61; Edison, 60; fibrous, 
60; flexible connection to, 81; 
glass, 58; ivory, 61; mica, 59; 
nodes, 61; paper, 60; silk, 61; 
vulcanite, 61; wooden, 61 

Drum, 155; kettle, 152 

Drum-head sound box, 8 

“Dubbing” machine, 48 

Duplicating machine, 48 

Ear, its drum-skin. 25 

Easton, Edward D., 10 

Edison, Vhos. A., invented 
phonograph, 5; wax secrets, 9 

Edison, ‘thos. A., Inc., 10 

Electro-chemical treatment, 51 

Emerson, Victor, gyete record- 
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Empire period, 127 

Etching records, 42 

Exhibition sound box, 77 

Faber, “Talking Machine,” 17 

Fiber needle, 71; graphited, 72 

Fife, 146 

Filing compartment, 20; 94 

Flute, 145 

Frequency (see pitch) 

Fulcrum of stylus arm, 39 

Gasiew, Victor, his invention, 60 

Gaskets, hollow rubber, care of, 
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Gibson, Robert L., collodion, 47, 
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Gothic period, 117 

Graduola, the, 97 
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Gramophone, an-early advertise- 
ment of, 11; in Europe, 19; 
origin of word, 

Graphiting a master record, 52 

Grpphepkens: origin of word, 
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Grouping of instruments, 34 

Grooves, number per inch, 35 

Growth of phonograph industry, 
13 

Guitar, 143 

Harmonics, 
tones) 

Harp, 144 

Hart, Sir Robert, quotes ancient 
book, I 

Hedge-thorn needle, 72 

Hill-and-dale cut (same as ver- 
tical) 

Hoffay sound box, 81 

Horn, English, 147; concert, 158; 
French, 158 

Horn, recording, 33; reproduc- 
ing (see sound chamber) 

Hubbard, Elbert, estimates 
wealth of U.S. A., 1 

Installment sales, 22 

Instruments, musical, 142 

Improved Reiord Co., the, 12 

Italian period, 117 

Jacobean period, I10 

Johnson, Edward, article on the 
first phonograph, 4 

Johnson, E. R., tone arm, 90 

Jones, Joseph W., 16 

Koenig, Rudolph, improved the 
phonautograph, 4 

Kratzenstein, 2 

Lateral cut record, 32; definition 
of, 42 

Letters on Natural Magic, 2 

Lewis-Young, John. diaphragms, 
60; patent, 16 

Loose joints, effect of, 104 ¢ 

Loudness, 28 

Louis XV period, I19 

Louis XVI period, 120 

MacDonald, T. H., extract from 
patent, 40; recording sound 
box, 37; tone arm, 90 


Magnetic sound box, 79 

Mandolin, 143 

Matrices, process of making, 50 

Mayer, 25 

McKendrick, counted hills-and- 
dales per word, 44 

Memnon, statue of, I 

Molecular motion explained, 24; 
in a sound box, 83; Young’s 
experiments, 2 

Motor, accuracy essential, 130; 
care of, 132; governor ana- 
lyzed, 135; spring, 129; spring 
jumning, 130; spur gear, 129; 
weight, 34; worm-drive, 134 


upper (see over- 


Musical instruments, 140 

National Phonograph Co., 10 

Needle, bone, 73; diamond, 70; 
fibre, 71; graphited fibre, 72; 
hedge-thorn, 72; sapphire, 63; 
steel, 64, 69; tungsten, 72; 
used, 67 

Needle cut record (see lateral) 

“Noset” automatic stop, 113 

Oboe, 146 

Ocarina, 152 

Overtones, 29 

Parsons, Hon. Chas. A,, in- 
ventor of the Auxetophone, 
114 

Pathe sound box, 80 

Patents, 115 

Phenol-shellac in duplicate rec- 
ords, 54 

Phonautograph, 3 

Phonograph, as a slot machine, 
II; considered a toy, 17; im- 
portance of care, 22; origin of 


word, VI; sale of, 18; select- 
ing a, 19 

Photo-recording, 106 

Piano manufacturers, enter 


phonograph business, 14 


Piano, recording of, 46 

Piccolo, 146 

Pitch explained, 26 

Price maintenance, 23 

Quality of sound explained, 28 

Queen Anne period, 123 

Radius of needle arc, 92 

Rattle, 102 

Recording, 31; by photography, 
106; diaphragms, 37; lines per 
a 35; rooms, 32; sapphire, 
3 

Records, care of, 94; cylinder, 
57; stamping dies, 56; defini- 
tion of lateral and vertical 
cuts, 42; depth of groove, 43; 
double-face better on one side 
than on the other, 56; duplica- 
tion, 48; Edison disk, 54; etch- 
ing process, 42; lateral cut, 32; 
libraries of, 95; material, the 
mixing of, 55; names of groove 
cuts, 31; needle cut (see lat- 
eral); phono cut, 31; select- 
ing, 21; speed per minute, 75; 
speed per mile, 74; the press- 
ing of, 55; vertical cut, 31; 
waves per word, 45; wear, 
greater on the outer edge, 74; 
zigzag (see lateral) 

Resonators, 100 
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Sales, estimated annual, 18 

Sapphire, recording, 36; repro- 
ducing, 63 

Savart’s wheel, 27 

Saxophone, 147 

Scott, Leon, phonautograph, 3 

Seneca, 24 

Shell, copper, 52 

Sheraton period, 125 

Sonorous bodies, 100 

Soprano voice, its range, 27 

Sound box, 77; Bliss, 88; Colum- 
bia, 79; "Edison, 81, 8s; Eng- 
lish diamond point, 89; Exhi- 
bition, 77; Hoffay, 81; Mac- 
Donald recording, 37; mag- 
netic, 79; Pathe, 80; recording, 
353 Vitaphone, 86; Vocalion, 
8 


Sound chamber, 110 

Sound, loudness, 27; pitch, 26; 
quality, 28; vibrations per sec- 
ond, 27 

Sound waves explained, 24; re- 
cording of when complex, 46 

Speed, lack of uniformity on a 
record, 73; regulation, 75 

Steel needle, 64 

Stroh violin, 45 

Stylii, 63 

Talking pictures, 98 

Tambourine, 155 

Taylor, J. B., on stylus wear, 74 

Tone, control of, 96; clarifiers, 
99; importance when buying, 
19 

Tone arm, 90: Columbia, 91; EI- 
fering, 90; Victor, 91 


Triangle, 155 

Trombone, 150 

Trumpet, valve, 149 

Tuba, brass, 150 

Tungsten needle, 72 

Ukulele, 145 

Undulations, 
per inch, 45 

Up-and-down cut record (see 
vertical) 

Vernis-Martin period, 128 

Vertical cut record, 31; 
tion, 42 

Vibrations, sympathetic, 102 

Victor dog, origin of, 89 

Viola, 144 

Viol, double bass, 141 

Violin, 140 

Violoncello, 141 

Violin-phonograph, 100 

Violin, Stroh, 45 

Vitaphone, 86 

Vocalist, training a, 34 

Volta Laboratory Ass’n., 8; disk 
phonograph, 13 

Volume (see loudness) 

Wax formule, 43; treatment, 44 

Wear, greater on record outer 
edge, 74 

William and Mary period, 118 

Wood-wind instruments, 145 . 

Xylophone, 152 

Young, Thomas, experiments, 2 

Zither, 152 


Zigzag record (see lateral) 
Zonophone, 16 


estimated number 


defini- 


